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1, Prepack. 

About the end of Noyember 1036 the Executiye Commit tco 
of the Indian Science Congrefis Association mvited mo to act as 
the general editor of a book entitled * The Progress of Science 
in ladia dnring the past twenty-fiye years \ which, together with 
some other pubUcations ' was to be issued in commemoration of 
the Silyer Jubilee Session of the Congress. The Executiye Commit- 
tee had decided that the volume should consist of 16 chapters and 
had already issued inyitations to a number of specialists in different 
parte of the country to contribute the yarious ofaapters. It was 
the intention of the Executive Committee of the Indian Science 
Congress Association to have the volume ready for the Silver Jubilee 
Session of the Indian Science Congress in January 1938, but tbi^ 
was found impossible.* It took some time to arrange various details 
such as the format of the publication, the size of the volume and tho 
limits of the various chapters, and it was not till really in January' 
1937 that general instructions in regard to the contributions to the 
projected volume could be issued to the authors of the various 
chapters. 


!aA entitled * An Outline of the Field Sciences of Indie ' under 

^ a of Rei Bahadur Dr. S. L, Hora was published in November 1937. 

. . ^ m a n us cr ipt for the last chapter was not received till after the 

middle of April, 1938. 
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PROGRESS OF SCIENCE IN INDIA. 


Several tlifficulties have presented themselves as the work 
progressed : tlxe most serious of these was in reference to the exact 
limits of the period of the review. The first session of the Indian 
Science Congress was held in Calcutta in January 1914 and the 
twenty* fifth meeting took place in January 1938. But this period 
<loes not correspond exactly to the twenty-five years during which 
the progress of Science was to be reviewed in the work under con- 
templation. As a result, the different contributors have dealt 
with the progress from 1910 or 1912 onwards to the close of 1937. 
In regard to the publication itself it may be noted that the number 
of chapters of the book has increased from 16 to 18, and as very 
few of the contributors found It possible to confine their accounts 
to the limit of 30 printed pages, as originaUy fixed for each chapter, 
the size of the volume has increased from the original estimate of 
500 pages to about 800 |>ages. Since it was decided to allow the 
authors a free hand, they have dealt with their subjects according 
to their own ideas, and owing to the very limited time available 
it has not been possible to revise all the contributions together 
to arrange the treatment of the general matter, citation of literature 
and so forth on a uniform plan : this would, in most cases, have 
entailed the reca.-^ting of the contributions, and inordinately delayed 
the publication of the work. With a view to expediting the publica- 
tion of the volume, the material for the different chapters was .<ent 
to the press ns it was received from the contributors, and variou.s 
chapters were arranged not in any definite sequence, but as they 
were rea<ly for printing. While conscious of its shortcomings, 
I can onlv how. with Virgil, that it will not be a case of ‘ Ibi omnis 
tgwf Mor\ and that the volume will, at least, provide the basis 
ffir a more detaile<l and critical review of the progress of Science 


in India at some later date. 

A work tliat covers in some 800 pages so vast a field as the 
progress of all sciences, both pure and applied, in India during the 
past twentv-five vears is apt to be either a histonca text-book 
or a series of essays. In neither instance can it be a full narrative 
of events, nor would it be possible within the limits of such a volume 
even to review adequately all the work that has been carried out. 
This publication may be described as a senes of essays in so lar 
as it attempts to anah-«e the developments in various sciences by 
workers in Universities', in scientific institutes, scientific depart men s 
of the (loverninent of India and various Provincial (^verimients 
and otiior cognate agencies all over the country. ^ It is also ® 
cal text. book in so far as it briefly presents in a narrati\e and 
<-hroiiologicnl form the advance.s in different scien^s 
with short accounts of the work carried out during thejn^nod in 
each of the tlifferent branches of Science. To describe ^uch a 
sketch as the history of the progress of Spence m India is, 
face of it. to be guilty of a misnomer. But apparently no oth^ 
name s.u^gested to the Executive Committee of the Indian Science 



JRASHAD : ISTRODUOTIOy. 


vn 


Coneress Association woul<l iiavo servo.! to .icscrilw l.ri.-lly l>.it 
concisely the development of Iii.lian Science .Inrinj; this very 

momentous quarter of a century. • . . r * 

In the following pages I have tried to give a brief fxmntwt nf 
the organization and growth of English education in ItidiM, uiul 
traced the development of the scientific work in the country from 
about the beginning of the nineteenth uentnry to the foniulation 
of the Indian Science Congress Association in )0U. In a lator 
.section is given a brief survey of the main advances in diflcrent 
.sciences as treated in Chapters H — XVIIl of this hook. 

It is my pleasant duty to express my indcht<*dnoss to tie* 
<Jeneral Seeretarie.s of the Imlian Science Congress Assoc ‘lation. 
Dr. J. N. Mookerjee and Mr. W, I). West, for their kind helf) and 
advice at ali times, and to the authors of the various cha pUu's for 
their co-operation, which alone has made it possible to publish this 
volume in such a short time. I am also grateful to Sir Lewis 
Fermor, P.R.S., formoi*ly Director. Oeologiral Survey of India, 
for reading through the Introductory Chapter and making valuable 
suggestions ; his recent reviews of the progress of Seienro in India 
have also made my task much lighter. 

Messrs. K. N. Das and K. N. Bagchi of the Zoological Survey 
of India have helped materially in the prepar«ition of the matter for 
the press. My thanks are also due to Messrs. P. Knight and N. A. 
Ellis of the Baptist Mission Press for advice in regard to tech ui cal 
details and for carrying out the work of printing so efliciently and 
expeditiously. 

II. Oroavizatiok asd Growtr op Emoltsh Bditoation 

TK India. 

To get a correct perspective of the conditions in tlic early 
years of the present century* when the Indian Science Congress 
was founded, it is essential to have at least a general idea of the 
earlier organization and growth of English education in India, 
and the following brief survey ' will, It is hoped* serve tliis purposc. 

The Board of Directors and the local olTicers of the East India 
Company in the early days of the British domination in India, 
while * sympathetic towards attempts to revive Indian learning .... 
entertained no idea of introducing any system of education * into 
the country. In 1781. however* Warren Hastings established 
a Madrasa in Calcutta for the stu<ly of * Muhammsdan law and such 


« 1 The above account is based on Sharp and Richey ‘ StUcHotxa from 

tk9 Edueaiicnal Rtcord4 o/ Oevemm^nt of India* {Calcutta. 19S0-22)* the 
adzairable reviews of the progress of BdacaUon and the growth of Educational 
potioy in India by Sir H. Vemey Lovett in Chapters VI and XIX of Volume 
VX. The Indisn Empire 1058^1918 of ‘ The Cami^ridaf Bietory of India'^ 
(1932) snd t)\e chapter on Educa^on in * The Indian Tear Book, 1935*36 *» 
(Bombay* 1936). 
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other sciences as were taught in Mulianima<lan schools In 1792 
Jonathan Duncan, Resident at Benares, obtained permission 
' to establish a college in the holy city for the preservation and 
cultivation of the laws, literature and religion of the Hindus 
tor recovering and collecting books on ' the most ancient and 
valuable general learning and tradition now existing on perhaps 
any part of the globe Reference may also be made here to the 
schools started and maintained in the eighteenth century by 
Lutheran JDssionaries in Southern India and by William Carey 
^md otiicr Baptist Missionaries at Ser ampere in Bengal. 

The introduction of Western learning into the country in the 
crtrlier j'ears, however, was due in Calcutta to the pioneer efforts 
of David Hare and Ram Mob an Roy, who in 1816 estabhshed at 
Calcutta a Vidyalaya (home of learning) for the ‘ tuition of sons 
of respectable Hindu parents in the English and Indian languages 
and in European and Asiatic science and literature ’ ; its name 
was later changed to Hindu College, and finally in 1855 to Presi- 
<lency College since when it has maintained its position as the 
premier teaching institution of Bengal. The great impetus to the 
ititroduction of Western learning, however, was due to the Christian 
Missionaries who founde<l a Missionary college at Serampore in 
1818, the Wilson School at Bombay in 1834, and the Madras 
Christian College at Madras in 1837. 

In connection with the renewal of the charter of the Bast 
India Company in 1813. section 43 of the Act ‘ empowered the 
government to expend not less than a lakh of rupees on the revived 
and encouragement of learning No real action, however, seems 
to have been taken in the matter though grants were given to 
two societies formed to promote vernacular education and improve 
indigenous schools In 1823. however, a ‘ Committee of Pubhc 
Instruction ' comi>osed of civil servants was appointed to sugge.-^t 
measures for ‘ the better instruction of the people, and the intro- 
rluction of useful knowledge, including the arts and sciences ot 
Europe This Committee received the arrears of the grant in 
terms of the Act of 1813, and decided to spend it on the best 
means of improving the education of the more respectable members 
of Indian society especially those who make letters their profes- 
Sion With this end in view, they started a few schools for 
teaching English, English classes in certain Oriental colleges and 
made available by printing in Sanskrit. Perejan and ^abic 
both original works and translations of some Engl'*]" 
Jlathomatics. etc. But the Committee soon found that there was aii 
incessant and ever-increasing demand for the teachmg of the Enghs i 
lan<mago, which could hardly be met by the means at its disposal. 
Faced with these difficulties, the Committee split into two parties, 
the older Orientalist and a younger English party. The former 
wanted to follow a poli.'.v of engrafting European education on 
the indigenous system, wliile the latter proposed to devote all 
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avaiUble funds to imparting ' Ihrongli the inc'diuiii ol bn;/lis}i. 
the literary and scientific information necessary lor a IiImtuI cciucu- 
tion. Although for some time the knowledge- so conveyer] wonlrl 
be coiifined to a limited circle, it wouhl soon j>enc(nifc to the ontcT 
community through the channel of a now vornac^nlar literature . 
This doctrine became famous as ‘ the tilt rat imi theory , 

Following the policy hurl down by Lor<l B<*ntjnek in IHH,). 
which was based mainly on ftLicaulay's famous minuh*.* flu* 
government, while observing neutrality in n*ligious matters, Heenled 
to establish secondary schools and colleges in the* country irj whii'li 
education was to be imparterl through the merlimn of Knglisli. 
and instituted a policy of subsidizing jalvate edneaihnial institutions 
by giving them grants-in-ahl. Greater freedom of the jncss was 
established by Charles .Metcalfe in and in 1837 Knglish rc'plaeerl 
Persian as the language of the law courts. In JH42, the GomnntU^e 
of Public Instruction was rcpla<*cd by a Council of Kd negation 
with a few non •official Indians ns inenilM^rs. The most mcnneutous 
step for encouraging Knglish c<lucntion in the country. how<*vei'. 
was the dictum of tA3rd Himlinge’s Government in 1844 that pn*- 
ference for public service wouUI bo given to candidates with a 
knowledge of the English language. 

A further epoch in Indian educational history was marked by JSir 
Charles Wood 8 despatch in 18.74, In which ‘ the old idea that educa- 
tion imparted to the higher el asses would filler do>vn 1 (j the low'ci* 
classes was discarded ’.and the Government weiv required to creati* 
'a properly articulated scheme of education, from the primary 
school to the university This resulted in the creation of Depart- 
ments of Public Instruction in different provinces for the cflieient 
inspection of all educational institutions, * beginning with the 
humblest elementary institution and ending with the university 
These departments were under the Central Government but, in 

^ The detailed niAuM by the Hon'ble T. B. Macaulay, dated 3nd Kebru* 
aiy 1835, is published in the ** Selections from Educational Rocorde Part 
I. 1781-1695, edited by H. Sharp, pp. 107-117 (Calcutta, 1930). The relevant 
part of (he minute referred to above rune oa follows : 

*To sum up what I have said. I think it clear that we arc not 
fettered by the Act of PorUoment of 1815, that we ore not fettered by 
any pledge expressed or implied, that we are free to employ our funds 
os we choose, that we ought to employ them in teaching what is best 
worth Imowing, ^at English is better worth knowing than Sanscrit 
or Arabic, that the natives ore desirous to be taught English, and are 
not desirous to be taught Sanscrit or Arabic, that neither oe the languages 
of law nor os the languages of religion have the Sanscrit and Arabic 
any peculiar claim to our encouragement, that it is possible to make 
natives of this country thoroughly good English scholars, and that 
to this end our elTdrte ought to be directed \ 

' * • • • • We must at present do our best to form 

a class who may be ioterpietera between us and the millions whom we 
govem^ — a class of persons Indian in blood and colour, but English 
m tastes, in opinions, in morale and in intellect *. 
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1S7I , their control was transferred to the various Provincial Orovern- 
luents. The despatch also outlined a scheme for the foundation 
of a university system in the country and. as a result, three univer- 
sities were founded at Calcutta, Bombay and Madras in 1857, 
while the Universities of Punjab and Allahabad were established in 
1H82 and 1887 respectively. All the five universities were of the 
affiliating' type and their enei^ies were directed mainly to examininis 
the daily growing numbers of students who presented themselves 
for various examinations and degrees; they were not, therefore, 
in any way either centres of teaching or of research. Most of the 
schools and colleges in different parts of the country did not 
teach science, while the staffs of the few that did, had to devote 
their entire attention to teaching and could hardly be expected to 
])lay any part for the advancement of learning by original work, 

To review the working of the universities Lord Curzon's Oovei7»« 
ment appointed a Universities Commi.ssion in 1902, which resulted 
in the passing of the University Act of 1904. The objects of this 
Act were to tighten up control on the part of the Government 
<»ver the universities and, In their turn, of universities over schools 
and colleges. The universities were further given the powers for 
granting recognition and inspecting schools and colleges under their 
jurisdiction, though the inspection of schools in actual practice 
was left to the officers of the Departments of Public Instruction. 
Tho main point of interest of this Act from the point of view of this 
summary, however, is that the universities were given permission 
to undertake direct teaching functions and, subject to Government 
sanction, could make appoint menta for this purpose ; in practice 
flicir activities in this direction were, however, to be limited to 
post-graduate work and research - 

The educational policy of the Government of India was 
reviewed in two important Government Resolutions, one of 1904 
and the second of 1913. The Resolution of 1904 was very com- 
prehensive in character and reviewc<l the stat« of education 
throughout the country in all its departments. It resulted in the 
next few years in the assignment by the Central Government to 
the Provinces of large grants mainly for higher, technical am 
elementary education- The Resolution of 1913 which flowed 
the separation of education from the control of the Home Depart- 
ment of the Government of India to an imiependent Department 
of Education in 1910, advocated itUer <ti*a ‘the establishment ol 
additional but smaller universities of the teaching type ; it reaffirmed 
the policy of reliance on private effort In secondary education : it 
recommended an increase in the salanes of teachers ancl an 
improvement in the amounts of grant s-in-aid : and it rnsismi 
on proper attention being paid to the formation of charact^ m the 
eilucation given to scholars of all grades. It further discussed 
the dcsirahilltv of imparting manual instruction and instruction 
in hv^'icne : the neces.s|tv for medical inspection : the provision 
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of facibties for research ; the need foi the staniu;.' ot tlic >:irls 
schools by women teachers and the expansion fa<alitios Inr tin- 
training of teachers. The policy outlined in lhl:{ materially 
accelerated progress in the provinces, but the educaticmal d<'volo]>* 
inents foreshadowed were in many caws delay oil »»win;f to tlu- 
effects of the Great War V As a result of this ix.licy aial the 
efforts of educationalists all over the country thirteen new nnivc*r- 
sities, viz-, Benares Hindu University, Mysore, JSitmi, OMiisinia. 
Aligarh Muslim Univeisity, Kangoon. Lnckn<iw, Dacca, IK-Ifii. 
Xagpur, Andhra, Agra and Annamali UnivcTsItios wen- established 
in Inrlia between the years 111 Hi ami 192D. 

Finally reference may be made to the reports of the Calcutta 
University Commission published in 1021 and that ol the Auxiliary 
CoTODiittee of the Indian Statutory Commission on Kducati«»ii in 
J92D which reviewed in detail the position of universities a ml tlio 
growth of education in general in the eunntry. 

Yrom the above it will be clear that scientifie education in 
India started very late, for though arrangements for the teaching 
of some of the sciences were made In a few stbools, colleges an<l 
special institutions like the medical and engineering «-ol leges iroin 
I'^o onwards, this provision was hardly sufbeient for the spivud of 
scientific education in the vast continental area of India. Alter 
the passing of the University Act of various universities, 

however, were able to arrange for better facilities for the nee<*ssary 
teaching staff and re(|uisite laboratories, etc., for the teaching 
of different sciences in the country, and the progress in all the seienc< s 
in India during the past quarter of a century has been remarkably 
rapid. Though there are some fundamental defects in regard 
to the arrangements for scientific education in the country, us 
detailed by Dr. Jenkins in Chapter II of this volume, one may hope 
that conditions will continue to improve and tliat the progress 
of Science will go hand-iu-hand with the general progress of 
education. 

III. Scientific Work up to the end of tkk 
Nineteenth Century. 

(a) ScitrUific uork in ancient India. 

The contributions to Science by ancient India are to be dis« 
cussed in a separate volume* to be published under the wiitorship 

^ 'Tht Indian Year Book. 1935-36.' p. 366 (Bombay, 1930). 

* Prof«8or Saha write* that the publication of this \olumo hoa been 
owing to the contributions for all the cliapters not having been 
Three articles dealing with (1) Ancient Indian Mathematics by 
w. Avadash Narayan Singh of the Lucknoa* University, (2) Ancient Indian 
^tnwomy by Dr. Gorakh Prasad of the Allahabad Unix-eraity, (3) Ancient 
™ian Chamietiy by Prof. P, Neogi of the Presidency Colle^, Calcutta, 
Aave been received, and it is hoped that as soon as the material for other 
<hepters is received, it will be possible to publish the volume. 
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of Profosor Meghnad Saha. F.H.S., and it is not iiooossary, there- 
fore, to make more than a pasdug reference to the scientific work 
in Ancient India. 

Fcrmor * has summed up the advances of Hindu Science 
follows 


* it m\ist not be thought that during the whole of the several millen- 
nia between the early astronomical ol>3er\'ationa of the Babylonians^ 
and the introduction of modem science into India by Europoana, Asia 
has been scientifically asleep. The Hindus and the Arabs have also 
made tlieir (*ontributioiis. The Hindus in particular made advance^ 
in mathematical science foUowing on the stimulus to intercourse with 
Europe resulting from Alexander's conquest. Amongst these mathe* 
maticians may be mentioned Bbaskera (c. A.D. 1120) for his contributions 
to algebraic notation. 1 have mentioned this name specially because 
it reappears now amongxt modem Indian scieitiists in the person of the* 
Director of the Nizamia Obecrvatory at Hydcral>ad. All Hindu science 
in India may not date, however, from the intooduction of Greek influence'. 
For. in a recent paper read before our Society in 1934, Dr. S. L. Horn 
has xlxnm that the ancient Hindus, as revealed in a paasa^ in Su4frul(f 
tamhUa <c. 300 13 had exact knowledge of the habitats of fishes 
end of the modes of tlieir locomotion, and that Susruta’s knowledge 
of the latter has been rediwovered only in the last few years by soologist?- 
in America and England. It is known also that the Hindvis had consider* 
able knowledge of medicine and of chemistry as has boon summariza<l 
for the latter in Sir P. C. Ray’s ‘ History of Hindu Chemistry published 
in 1902. Further researches by oriental scholars into old Sanskrit and 
Pali texts may bring to light knowledge of other branches of scienci* 
possessed by the ancient Hindus. Reference may also be mado to 
B. N. Seal's work on * The Positive Sciences of the Ancient Hindus '. 
London, 1913. in which claims are made on this subject that are not 
accepted in full by all. Dr. Baini Prasad's paper ' Some Pre-Liiuiaean 
Writera of Indian Zoology ' gives information concenung tlio knowledge 
both of the Hindus and of tlw Moghats.’ 

• It seems likely, iitdeed. that when the full range of knowledge 
of the ancient Hindus in the realms of science and mathematics comes 
to be known, as far as this is possible, it may prove to be partly indigenoui* 
and pre*Greek and partly based on Greek influence.' 

In his Hustory of Suuskrit LiU-raturc Macdonell * remarked 

' In Science, too, the debt of Europe to India has been considerable, 
There Is. in the firat place, the groat fact that the Indjana invented 
numerical figures, used aU over the world. The mfluence which the- 
decimal system of reckoning dependent on those figures has had not only 
on Mathematics, but also on the progress of civilisation m genoral, csii 
hardly bo over-estimated. During the eighth and ninth centuries me 
Indians became the teachers in arithmetic and algebra of the Arab«. 
and througli them of the nations of the AVest. Thus, though w© eait 
(ho latter science bv an Arabic name, it is a gift we owe to Indja, 

• TIk* lii.storv of the progress and civilization of that natioii 
ithc Hindu)*, liowevcr. as Bose » remarked, - closes with the end 
of the twelfth centnrv. Kverv work that has the stamp of ongmnlity 


the Bojfol Aeinlic Society of Benooh 


1 Fonnor, L. L.— Fcar-Boofc of 
Vol. I. 193»». pp. 14, 13 (1936). _ , . 

'.s Macd<»noll, A. A.— .4 HUtory of Sanakrxt Ltierature. p 
* Hom'. P- K . — Centenary Bemew of the 
17a4-l3»:). I’t. HI, p. 20(I6H3). 


424(1913). 

Aeiatic Society of Benyal frofn 
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had been written before the close of that century/ Dhar ‘ alt ributos 
the intellectual stagnation in India after the dose of the twelfth 
century, among other causes, to the decline of Btiddhism under 
whose aegis science and particularly medicine had developetl 
considerably in the universities and hospitals attached to tho 
Buddhist monasteries, to the revival of Brahmanism a ml tlu- 
zeal shown by neo-Brahmans in discarding and neglect hiv all 
* those things that were cherished by the Buddhists *, nud Hnally 
to the unsettled state of affairs and lack of security in the country 
resulting from repeated foreign invasions and constant changes 
in government. Other factors also probably operated tn hrinu' 
about such a degeneration of the mental powers of the people who 
had been responsible for great advances In the earlier coiituries. 
that almost up to the end of the nineteenth century no original 
scientific work of any importance was carried out by Indians. 

(6) Devtlcpmcni of Scientific n'ork in the iHth a ml With centurie/i^ . 

The revival of the study of sciences in India within the last 
two centuries was due to two main agencies. (1) Societies, and (2) 
the scientific officers in various Service.s and Survey departments 
of the Government of India and Provincial Govermnents. 

(i) Sccietie^. 

The history of the revival of the study of Sciences in India - 
particularly on modern lines, began witli 
* 0 ? BenlaP^ foundation by Sir William Jones of 'The 

* Asiatick Society ’ (later knowm as the Asiati<* 

Society of Bengal and now the ^yal A.siatic Society of Bengal) 
in 1784, The objects of this Society were explained by the founder 
as * If now it be asked, what arc the intended objects of our enquiries 
within these spacious limits, we answer, Man and Nature ; whatever 
is performed by the one. or produced by the other.' The Society 
fujjj carried out its ideals during the first century of its existence 
by providing 

' a conunodiouB bouM for acheUra. the making of a library, of a 
eoUeciioD of ancient coina and cnadals, of a collection of pictures and 
busta, and the formation of Archaolorieal, Ethnological^ Geological, 
and Zoological coUectiona or Museums. In addition, the Asiatic Society 
had publiAed 3&4 volumes of works of various kinds *. 


^ Dhar, N. R.— TAs Culiural Heritagt qJ India » lH, pp. 452, 453 (Rama* 
kriahna Centenary volumes : Belur. Calcutta. 1937). 

< The foUowing review is mainly baeed on the very detailed treatment of 
the subject in 8ir Lewis Fennor*s Annual Address to the Asiatic Society 
of Bengal for the year 1934 entitled * The Development of Scientific Research 
in India to the end of the Nineteenth Century % published in the Year Bock 
of ike Anatie Socieiy cf Ben^ Vol. 1. 1985. pp. 9*22 (1936). 

t xhe name of tlU Society wee changed in 1936 to * The Royal Asiatic 
Society of Bengal \ 
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Tbc extensive bibliography of scientific papers published by the 
iSociety in the Asiaiic Bt'senrche^ (VoLs. I-XX, 1788-1839) and 
the Journal ' of the Society (vide Centenary Review of the Asiatic 
Society 1783-1883, pp. i-xcvi) bears ample testimony to the great 
services rendered to India by this venerable institution in the cause 
of scientific revival. 

From 1S84 to 1900 was a period of great activity in the history 
of the Society in so far as biological investigations were concerned. 
The geological work, however, except for a few papers of general 
interest, was published in the ofticial publications of the Geological 
Survev of India. 

Zoology. —TUv Indian Museum. Calcutta, which was fotmded 
in 1809 through the efforts of the Society, had already attained 
its premier position as the main centre of zoological research in 
India, and the work initiated and carried out by its staff stands 
nut ]>rc -eminently in the publications of the Asiatic Society.* 
.Vtkiiison publi-ihcd a large series of notes on Rhynchota ; Moon*, 
rie Nicevilic, Wood-Ma.son and H. J. Elwes on Lepidoptera : Walsh 
(.n (-certain spiders that mimic ants: and various foreign workers 
on different families of insects based mainly on the collections of 
the Indian Museum. Sclater published a paper on the ‘Snakes 
in the Indian Museum collection in 1891, Frank Finn on Birds 
from iHOT-liHJO. and Alcock from 1893 onwards published a series 
(»f papers on (’orals, ActiniaTis. Crustaceans and other marine 
animals. Frank Finn and Alcock also made interesting oontn- 
hut ions to the Theory of Warning Colours (1890-98). In addition. 

I wo very important 'zoological publications printed in the Journal ^ 


» Hof#*ren«s* may also bo incluclc*<l here to OUant^s 
I 111 1. which was afterwards* absorbwJ m the Journal of the ^^t'C 

Sociclv. ami India Rtvitw and Journal of Fortian .Sfcierire, \oU. I VTII 
( I834-IS47) ; »>oth these j mi main were published at 

•-i In the above review are not included various 
journal- und jmhlications which were 
Asiati.* Society. Anu)ii« theae may be mention^ Stray 
I-Xr edited by Hume (1873-1888). ‘ Journal of the BomUy 
Society' publMhed from 18 h 6 onwards. Marahall s 

U.ti-m- nnd Cevlon ’ I1870-8I). Hewitson and Moore a Indian Lepuloptara ^ 
881. Mar;hall and cle Kiceville'a •But^rfhes of India, 

. .Slerudalo’s* Natural Hi-torj* T* M888I 

Av^uniui .J the number of Descriptive Catalogues 

“inaL ciiouti.. .ince 1887. The meet imponant 

MotlJ. Hyim noptern. and .^achnida were published. 



PRASHAD : INTRODOCTION. 


XV 


of the Society deserve special D^eiition. Th<* first wjis a series 
of Natural History Notes oa the collections made by the Royal 
Indian Marine Survey ship ‘ Investigator These notes dealt 
with the zoological and botanical collections am I ohwrvations 
made by the Surgeon-Naturalists ; though a numlxT of these 
notes was published in foreign journals, a large scries of them were 
published in the Journal of the Society fronj The other 

monumental work entitled ‘ Materials for a ( 'a rci no logical Fauna 
of India’ published in 0 parts from 1 lido- 1900 by Alcock, still 
remains a standard work on certain classes of murine Frustacea 
of the Indo- Pacific region. 

Botany. — On the Botanical side. menti(»n may be made of 
a series of jwpers on the Flora of the Malay Fen i nan la published by 
lung (I8H9-96), and a still more valuable serieft under the title 
* Noviciw Indica ’ by David Prain (!Hb9-0K), Another very 
valuable series of notes on the parasitic Knst Fungi of the order 
Vredinje was published by Dr. Barclay of the Bengal Medical 
Serrioe (IK80-91). Several j^apers were pnl>]ishe<l by (him hie. 
H. F. Blai\ford and other authors. 

Anthropology .—^Vtoiw J897 a s|>ecial jwrt of the Journal 
(Part ni) w*as devoted to the publication of results of unlhropologi- 
cal and ethnological work by Kisley, Mitra. Charles, Watldell. 
Weiae. Bedding, Peak Gait, Grierson, ShakesjH'ar and others on 
the tribes of India and the cu.stoms and habits of the inliabitnuts 
of different regions. Reference may also be made here to Bruce 
Foote’s valuable paper on ‘Some Neo- and Pal»olithic Finds in 
S. India ’ published In 1887. 

Maihtmatics. — The first origmal scientific contributiona by 
an Indian printed by the Societ)* consisted <if a .series of three 
important mathematical papers by Aautosh Mukhopadhay (Sir 
Ashutosh Mookerjee of later years) published in 1«K7. He published 
nine more mathematical papers on Differential Equations in the 
Journal for the three succeeding years (1888-90}. The worthy ex- 
ample of Sir AshutosU bore fruit before long, and from J 894 onwards 
papers by Indians began to appear in fair numbers in the publica- 
tions of the Society. A paper by Dutt on the Method of Treating 
the Properties of the Circle and Analogous Matters w'as published 
m 1900. ‘ 

Physics and Mdeorology. — A number of meteorological contri- 
bution, particular!}' in reference to rainfall, tornadoes, hygrometer, 
etc., by Blanford, Elliot, Pearson. Hill, Pedler and others were 
pubhshed from 1884 to 1893. The paper on the Polarization of 
^lectnc ^ys by Double Refracting Crystals by Bose (later Sir 
Jagato Bose) was published in 1895. 

♦ 1 . — Pedler and Waterhouse contributed papers on 

ft Some Compounds of Mercun' and the Action 

Haloid Compounds. Pedler and Warden 
P oijslied a valuable paper on the To.tic Principle of the Aroid» 
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in 1890. In 1894 Ray Sir PrafuUa Cbandra Ray) read a 

paper on the ('heraical E^camination of Indian Pood Stuffs, followed 
by other papers on Mercury Salts from 1898-1900. The chemical 
papers by Nag, Pedler, Bhaduri and Bhaduri (1898), and Mukerjee 
(1900) should also be mentioned. 

Otology. — As noted earlier in this chapter, very few papers of 
geological interest were published by the Society. It is, however, in- 
teresting to note that as early as 1880 P. N. Bose, after obtaining a 
degree in Geology in London, published a paper in the ‘ Quarterly 
.Journal of the Geological Society of London ’ in which he <lescribed 
some fossil Carnivora from the Siwalik Hills. He also wrote a very 
critical account of the progress in Natural Science for the * Centenary 
Review of the Asiatic Society of Bengal * and published a number 
of important geological memoirs in the publications of the Geo- 
logical Survey of India to which he was appointed soon after his 
return from England. 

^Jed^cal Science.— The only me<lical paper of any importance 
in the Journal of the Society was published in 1900 by Rogers 
(later Sir Leonard Rogers) on the Relation of Water-supply. \\ ater- 
logging and Distribution of Anopheles to the Prevalence of Malaria 
in North ^,'alcutta. This was apparently due to the fact that 
medical papers were published in special medical puWications 
such as the ‘Transactions of the Medical and Physical bocioty . 
Calcutta (1825^5). * Indian Journal of Me<lical Sciem-e 
started by Cfrant and Pearson and continued by h . Corb>T) 

• Indian Annals of Me<lieal Science \ Calcutta. (1858-1877). ‘ J^Iadras 
Ouarterlv Journal of Methcal Science ' (1860-08), ‘ Madras Monthly 
Journarof Medical Science’ (1870-73). and Indian Medical 
Gazette’ publishwl in Calcutta (l8Hh onwanls). The scientific 
w'ork of the medical officers of the Army of India was juiblishei 
in a series of social memoirs entitled ‘ Scientific Memoirs by Medical 
Officers of the Army of India * imbllsheil under the editorship ol 
the Director-General of Indian Medical Service. Twelve 
of this journal, which was started in 1885, were issued up to 1910. 

In hladras a Society caUed the Madras Literar> bociet>^ 
and Auxiliary of the Royal Asiatic Society 
Other Societies Britain and Ireland was started about 

IS3‘1 The Society started a journal under the name • Journal 
of ^tera and Lienee but this title was changed to ' Madras 
JournTof Literature and Science ’ from 1834-; the journal, which 
was published irregularly, finally sloped in 1894. ^n Arhcu I tural 
Soci‘ty of India was founded in Calcutta in 1820 : m 1823 its na.m 

ment of In^dia ' (A'-S.). and 60 f"** Filad A«ociation 

in 19)0 for publication of work dealing with Melana. 
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was changed to the Agricultural and Horticultural Society of Irulia, 
and later to Boyal Agri- Horticultural Society of India. The origi- 
nal Transactions of the Society arc now is;$ued as Its Journal und 
Proceedings. Filially, mention may be made of tl»e Ikiinbay 
Natural History Society, which was founded in 18H3. From I88<> 
to date 39 volumes of its well-known Journal of Natural History 
have been issued. Scientific papers have been publi.sjicd In the 
journals of these Societies, and tlie^' have rendered usoful service 
in the cause of Science by publishing sclentihc contributions from 
different parts of India. Tbe special journals dealing with medical 
work in India have been referred to above. 


(ii) Services. 

Tbe East India Company did not employ any scientists as 
such, and almost all really scientific work in India was, therefore, 
carried out by medical men, Koval Engineers, ami civil or military' 
officers interested in science, mainly in their spare time. 

Among tbe earlier pioneers uf the medical profes.<Hion ^ may be 
- , ^ mentioned Gabriel Boughton, William Hamilton, 

par^en^? SufI Hoi well and W. Fullerton, all of whom 

veys, etc. ' "made a permanent niche for themselves in 

tbe history of India by their |)o]itical, medical 
or literary work From 17C0 onwards, however, the medical 
pe*sonnel from Europe was divided ‘ into a military and a civil 
branch, men no doubt being inter -changeable as abilit}' and circum- 
stances dictated *, From 1763 onwards medical services for the 
three presidencies of Bengal, Madras and Bombay wore e.^tablishcd, 
and finally came the Indian Medical Service, which, though pri- 
marily a military Service, was able to release the surplus military 
personnel for emplojraent ‘ in civil medical fabric of medical relief in 
hospitals, dispensaries, jails, asylums, of medical education and of 
education, whilst it allowed selected officers from this scientific '* 
corps to be utilized in organizing many other activities such as 
che^cal examiners* work, botanical, zoological, and marine survey 
work, woik in Opium Department and in the mint Medical re- 
wch oiganization in India dates from 1869 when Drs. Lewis and 
Umm^ham were appointed as Special Assistants to the then Sani- 
taiy Commissioner with the Government of India, and initiated re- 
aches on diseases like Cholera. Malaria, Beri-Beri. Kala-Azar, etc. 
« Wte, however, with the ereation of a regular Bacteriological 
•Apartment for India with proper laboratory facilities, which was 


ia of the medical aerv'icos and medical research organization 

10271 ® chapter in * The Indian Empire ’ (Calcutta, 

Surx'eye and Dopartmeata from Sir Lewis 
AormoTs Address referred to already. 
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sanctioned in 1900, but which did not start functioning till 1906, 
that medical research organization in India was placed on a regular 
footing. 

The Trigonometrical Survey of the Peninsula of India, estab- 
lished in 1800, was extended as the Great Trigonometrical Survey 
of India in 1818. The Topographical and Revenue surveys were 
all grouped together under the Surveyor General in India in 1817, 
and were consolidated with the Trigonometrical Survey in 1878 
as the Surveif of India. 

The Ocological Survey of India was founded in 18ol, but 
Geologists had been emploj’ed since 1818 for survey work. 

With the foundation of the Calcutta Botanical Gardens (now 
known as the Royal Botanic Gardens) in 1788, it became possible 
to carry on botanical studies in India. The Botanical Survey of 
India was founded in 1880. 

Proporl}' organized zoological research in India dates from the 
appointment of Edward Blyth as the Curator of the Museum of 
the Asiatic Society in 1841. He was succeeded by John Anderson 
in 1865, who, in 1866, on the foundation of the Indian Museum, 
became its first Superintendent with the zoological and archaeological 
collections under his direct charge. Zoological research was carried 
on vigorously under Anderson. Wood -Mason, Alcock and later 
under Annnndale, who in 1907 started two zoological journals, 
the Records and Slemoirs of the Indian Museum which materially 
advanced the cause of zoological research in the country. In 1916, 
the Zoological and Anthropolocical Section of the Indian Museum 
was converted into the Zoological Survey of India. 

From the establishment of the East India Company to 1832. 
when the Indian Navy Department was organized, Hydrographic 
work was a secondary duty of the officers of the Bombay Marine. 
The explorations, however, not only covered the whole of the Indian 
Ocean but also the Red Sea, the Pei*sian Gulf and the seas of Cliina. 
The Indian Navy continued the marine surveys up to 1862 when 
it was abolishe<l, and there was no marine survey till 1874 when 
the Indian Marine Survey Department was e.stablished. In 1871 
the Council of the Asiatic Society wrote to the Government of India, 
urging them to start marine biological investigations in connection 
with their marine survey work. In 1875 the Indian Coastal Survey 
was established and in the same year was created the post of a 
Su rgco n • Nat ural i st t o t he Ma rine Survey. 

The |)Ost of an In.spector General of Fisheries in India and 
Burnui was created in 1870, and Dr. F. Day, a medical man, was 
appointed to it. Dr. Day from 1871-74 carried out extensive 
investigations on the fisheries of the rivers of India and on manne 
fiiiherics along the entire coast from Gwadur in Baluchistan to 
Mergui in Tenasserim, and in 1873 published two reports on the 
frcsli water and sea fish and fisheries of India. His monumental 
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work ‘The Fishes of India’ was published liotwoeii JH7r)-78. 
The Fisheries Department of the Central G<ivernnK*nt was 
abolished after Dr. Day’s retirement. 

An Archixological Dtjidrlmtnt under the <lireotion of Sir 
Alexander Cunningham, staHed in i8C2, carried out an o.xfettMvc* 
survey of the monuments and antiquities of Xortliorn ln<lia» and 
work on simiiar lines was carried out in the Bond mi y and lad ms 
Presidencies. Detailed research programmes won* iniliatcfl from 
1885, but the activities of the Department won* curtailed ns a 
measure of retrenchment in 188U, and it was not till lh(>2 that 
archaeological work in all its branches was again resumed. 

Mtt€orologic<tl obsservutions were carried on from 17t>h at the 
Madras Observatory founded in 1792, at Calcutta in the Survey 
office building from 1824 and in the Aliporc Observatory from 1870 
and in the Colaba Observatory, Bombay, from 1841. In 1862, 
a committee of the Asiatic Society, which was appointed in 1857, 
submitted a scheme for a central authority to direct and collate the 
work of observers all over the country, an a result of which H. F. 
Blaoford was appointed the Meteorological Koportor for the whole of 
India in 1875. The title of the bead of the Meteorological Depart- 
ment was later changed to Director General of Observatories. 


(iii) Appfied ScUnce Institvtcs. 

‘In Agriculture provincial Departments of Land Revenue 
and Agriculture, or of Agriculture alone, were formed towards 
the end of the century : Bombay (1885), Madras (1889), Shillonff 
(1894), Allahabad and Nagpur (1895) and Bengal (1896), followed 
\r Agricultural Besearch Institute at Pusa in 1003. 

ror Veterinary work the Imperial Bacteriological Laboratory was 
o^Dcd at Poona in 1890, moved to Muktesar in 1893, and the title 
^ Imperial Institute of Veterinary Research in 1925.’ 

The Uaffkine Institutey Bombay^ which has developed into a 
weu-toown centre of research in preventive medicine, was started 
m 1899, as the Plague Research Laboratory, but gradually antirabic. 

phwmacological and biochemical researches have been included 
m its activities. 

w« CuUivation of Scierux. Calcutta, 

by Dt Mahendra Lai Sircar. Up to about 

helotdiT. fi, ^ *** present century this institution 

neiped m the advancement of Science by public lectures and lectures 

supplement the normal college courses, but 

KitSr» I^n>en) making the 
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IV’. Development of Scientific Besearch ik India 
IN THE Twentieth Century*. 

With the beginning of the twentieth century scientific work 
in India began to develop at a fairly rapid rate. In the earlier 
years scientiQc teaching was confined mainly to technical insti- 
tutions such as medical and engineering colleges and such other 
institutions as bad the necessar}’ staff and equipment. But scienti- 
fic studies were gradually becoming more and more popular all over 
the country, and of the much larger numbers of Indian students, 
who had by this time started going to Europe for under-graduate 
and post-graduate studies, a fair number took up the study of 
Science in one or other of its branches. Scientific research by 
various scientific Services and Departments of the Government 
was also developing at a rapid rate, and the scientists working b\ 
different parts of the vast subcontinent of India gradually began 
to feel ‘ the gecgraphical isolation ' in the case of those who lived m 
places w'here there were few or no other scientists, and ' specialist 
isolation of large numbers of scientists one from another due to 
their .specialization*. This resulted in the formation of various 
scientific societies and co-ordinating organizations, all of which 
have materially helped to bring Indian Science to its present 
position. 

Reference has already been made to the universities founded 
... in the nineteenth century, but none of them, 
u vers ties noted above, was a teaching institution. 

It was only as a result of the provisions in the University Act of 
1904. that a number of them began to undertake direct teaching 
fancti'*:js, particularly in reference to post-graduate work and 
research. Scientific education also receivecl a .special impetus 
from about 1906 onwards when chains for various sciences were 
created in Government colleges and some private institutions 
throughout the country. 

Tlie Calcutta University, which played a very important 
role in the promotion of Science, and encouragement of research, 
deserves special mention, In 1909, provision was made for Post- 
Graduate teaching, and in 1917 all Post-Graduate .studies were 
centralized in Calcutta. This was rendered possible througli the 
munificence of two great men of Bengal, Sir Tarak Nath Pal it and 
Sir Rash Bchari Ghosh, who created large tru.st funds to be 
administered by the Calcutta University for the promotion and 
diffusion of scientific and technical education and the cultivation 
and advancement of pure and applied sciences. With these en- 
dowment.s the University CoUege of Science, Calcutta, started m 


* In the nreparation of this section I have drawn freely on »Sjr 
Fonnor’s InaJjrural Addrc-s.^ to the National Institute of Sciences of India 
Proc. Nat. In>fl. Set. Iftdia, I, pp. 10-26 (I93S). 
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June 1916 Post-Graduate classes in Fliysio^, ChcTnistr^', Applied 
Mathematics and Experioicntal Psycholc^'y ; Applied (’beinistry 
and Applied Physics were added in 1910- An endowment from 
Kumar Gurupra’sad Singh of Khaira enabled the University to 
add two more Chairs to its Post-Oradnate teaching' staff, w\uh 
a few special Chairs were also founded out of the reserve funds of 
the University. For this far-si^Thted policy the Calcutta University 
is indebted to the genius of the great educationalist of India, Sir 
Asliutosh Mookerjee, who, undaunted by opposition, worked hard 
to raise the Calcutta University to the proml pi>-sition it occupies 
to-day, not only as one of the leading universities in India but also 
as one which has done more than any other institution in the 
country for the promotion and advancement of Science. 

Few of the other Indian universities have been so fortunate as 
to obtain such princely endowments from the public for teaching and 
research as Calcutta, but the records of their s<*rvicc in the cause of 
Science are none the less praiseworthy. Several of the universities, 
founded since the Report of the Calcutta University Commission was 
published in 1919, are of the unitary type ; they are usually localized 
in a single centre and their teaching is conducted by teachers 
appointed and controlled by them. Even the affiliating univer. 
sities have graduall}* taken up teaching functions ; almost all of 
thorn maintain Chairs of Chemistry and Pliysics and several of 
them have Chairs of Botany and Zoology as w'cll. Geology, how- 
ever, is taught in three or four universities only. Some uni- 
versities, such as Calcutta, Benares. Bombay, etc., also liave some 
Chairs in Applied Sciences. 

Most of the universities of India have flourishing schools 
of research in various sciences and during thf* past decade a groat 
deal of original work of very high quality has emanated from them ; 
they are gradually begiiming to fulfil their proper functions not 
only as centres of teaching but also of eneoti raging and promoting 
original work by their staffs and students. 

During the period under review the Government of India 
Research establislied a number of very important 

Institutes research institutes. The Impertol Agricultural 
Research JnstUute was founded at Pusa in 1903 
BA a result of a generous donation towards part of its cost by an 
American philanthropist. Mr. Henry Phipps. A separate Sugar- 
cane Breeding and Research Station of the Institute has been work- 
ing at Coimbatore since 1012. The Pusa Institute was severely 
by the Bihar earthquake of 1034. and transferred to New 
Delhi in 1936. The Centrai Research InstUnte for Medical Research 
^ Kasauli with its Malaria section, which later developed into the 
Malaria Survey of India, and the Forest Research Jnstiiute at Debra 
Dun were started in 1906. The Itniierial Dairy lustifute. Bangalore, 
“ 1^20 to carry out researches in Dairy Husbandry, 
ana develop the dairy industry on proper lines. The AU^India 
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JnsiiiuH of Public Health and Hygiene, Calcutta^ which started 
work in 1034, owes its existence to the Rockefeller Foundation, 
which paid for the cost of the site, the building and the equipment 
of the Institute ; the recurring cost of the staff and maintenance is 
borne by the Central Government. In addition there are several 
well known research institutions which are maintained and adminis* 
tered by the Provinces. Of Medical institutes in this category 
the Haffkine Institute, Bombay, has been referred to already, 
others in chronological order of their foundation are : the King 
Institute of Preventive Medicine, Guindy, Madras (1903) ; Pasteur 
Institute of Southern India, Coonoor (19U7) ; King Edward 
Yll Pasteur Institute and Medical Research Institute, Shillong 
(1917) : and finally the Calcutta School of Tropical Medicine (1921), 
which has already established an international reputation in the 
field of medical research. Of the provincial Agricultural institu- 
tions the following, in addition to teaching, carry out original 
investigations; the Agricultural College and Research Institute, 
Coimbatore ; the Agricultural College and Research Institute, 
Lyallpur ; and the I'awnpore Agricultural College. The Irrigatiou 
Research Laboratories of the Governments of the Punjab, Sind 
and the United Provinces may also be referred to here. The 
Poona Rescarcli Laboratory financed by the Government of India 
is to be the nucleus for a Ontral Station for Irrigation and Hydro- 
dynamic Research of the Central Board of Irrigation constituted 
in 1925. Departmental research sections on similar lines are 
maintained by the Railway Board, Telegraphs. All-India Radio 
and other technical Departments of the Central and Provincial 
Government.s. 

In this section are also to be includc<l the Indian Institute 
of 6'c»ence, Bangalore, which owes Its origin to the genius and 
munificonee of Sir J. N. Tata. It was founded in 1911 for advanced 
scientific education and research, supported mainly by the private 
bequests of the Tata family, supplemented by the grants by the 
Government of India and Mysore State : the Bose Research Institute, 
Calcutta, founded and endowed by the late Sir Jagadis Bose in 
1917 for post-graduate research ; the Cotton Tecknclogical Lobora- 
lory. Bombay, the Institute of Plant Industry nt Indore, established 
in 1924 ; the Indian StfUistieal Institute^ Calcutta, started in 19.31 
for the study of pure and applied statistics and for the encourage- 
ment of research and di8.semi nation of knowledge of these subjects ; 
and the Indian Lot Research Institute, Ranchi, started in 1925. 
'Flic Nutritional Rf'search Institute, Coonoor. maintained by the 
Indian Rc.scarch Fund Association, has also l>cen working for a 
I un n bei* t)f yea ra . . • is 

Sir J-ewis Fermor in discussing the development of .scientific 
research in India remarked that in the 20th 
SpeciaUst * century we have entered on a new stage in 

development of scientific research in India, 
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e period oharacterized by the formation of numerous Kpcoiallst 
scientific societies and numerous Government rc*s<*arc*h institutes.’ 
The first society was the Mining and Geological Inst It ut^^ of India, 
founded in 1006. The Indian Mathematical Soticly Wivs started 
in 1907 at Poona as the ‘ Analytical Club ' but tiic name was soon 
changed to the Indian Mathematical Club : its offit'c at present 
is at Nagpur, but the Society’s journal is publislied I Vo in Madras. 
The Calcutta Mathematical Society was founded in 190S; the 
Institution of Engineers (India) was constituted in 1920, with 
its headquarters in Calcutta and branches in several oilier important 
towns ; the Indian Botanical t>ociety, with peripatetic licadtiuartors, 
in 1921 ; the Indian Psycho-Anal^'tical Society with iieudquarters at 
Calcutta in 1922 ; the Indian Chemical Society witliits headquarters 
in Calcutta, and the Geological, Mining and Metallurgical Society 
of India, in 1924; the Indian Psychological Association in 1925 ; 
the Society of Biological Chemists, Bangalore, in 1931 ; the Indian 
Physical Society, Calcutta, and the Biochemical Society in 1934 ; 
the Indian Society of Social Science and the Indian Physiological 
Society in 1935 ; and the Indian Anthropological Institute, Calcutta, 
in 193C. Among the societie.s with more restricted geographical 
scope may be mentioned the Bihar and Orissa Kesenroh Society, 
Patna (1915); Benares Mathematical Society, Benares (1918); 
the Anthropological Society, Calcutta (1920) ; the Calcutta Geo* 
graphical Society (1933) and the Botanical Society of Calcutta (1935). 

In 1935, Fermor ‘ in discussing the development of Science 
Co-ordinatlnft necessity of eo-oidinatiiig or- 

orgsDiiations ganizations for scientific work in India as 
follows : — 


' With this muititude of new bodies — ser%*ices, socioties, uni vorai ties, 
research institutos — coraiug continuously into being, with a resultant 
teodency towards greater sod greater specie I itst Ion and consec|uent 
isolation of workers, there is sn increasing need for organisations directed 
to counteracting fissiparous tendencies so as again to bring men of science 
and other brands of learning back to a common fold providing for a free 
^change of views: a result that can be secured either on a compre* 
hensive basis enabling the co>oporation of all brancltes of Icanting, or 
•if^tof all branches of science, or upon acompartraontal plan in which 
allied groups of sciences are brought together *. 

' At the beginning of this century the only organisation directed 
to this end in a really comprelienslve manner was the Asiatic Society 
ofBengar. 


The Government of India, in 1902, established the Board of 
octentific Advice for the co-ordination of scientific work carried 
official agencies. This Board met periodically to iscuss 
problems of common interest and published an Annual Report, 
summarized subject by subject, on the progress of research in 


t Pfoc. Nat. Inst. Set, India. I, p. 13 (1935). 
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India by the Scientific Departments and institutions of the Govern- 
ment. The reports of tlie Board were communicated through tho 
Secretary of State for India to the Royal Society of London, which 
with the help of an Advisory Committee used to ad\-ise the Board 
and the Government with valuable suggestions from time to time. 
The activities of this Board were suspended in 1924. Proposals 
for a National Research Council to replace this Board were under 
consideration for several years, but the scheme has not hitherto 
materialized. 

The Indian Research Fund Association was founded in 1911, 
by the Government of India for the prosecution and assistance of 
research in connection with the causation, mode of spread and 
prevention of diseases. For the past two decades the Association 
has served not only as an important co-ordinating agency for re- 
search in medical and public health problems by all Government 
agencies, but also employs a fairly large staff for special enquiries and 
gives grants- in-aid to various institutions and research workers. In 
connection with its programme of work the Association is guided by 
an annual Medical Research Workers’ Conference which used to 
be held every December in ('alcutta : since 1937 onwards, however, 
its venue has been transferred to New Delhi. 

The Imperial Council of Agricultural Research was constituted 
in 1929. with substantial annual grants from the Government of 
India as a result of the recommendations of the Royal Commission 
on Agriculture. Out of these grants the Council allocates funds 
for Agricultural and Veterinary enquiries throughout the country 
and holds periodical meetings for considering the reports and 
allocating the available funds. There are also two auxiliary Com- 
mittees of the Imperial Council, viz,, the Indian Central Cottoii 
Committee constituted in 1921, and financed by a cess of two annas 
a bale on all cotton produced in India : and the Indian Central 
Jute Committee con.stituted in 1937, and financed from the Central 
Revenues. These Committees have been constituted for arranging 
agricultural, technological and economic research in connection 
with the improvement of cotton and jute crops in the country 
and the factors connected with the marketing of the products. 
They are also concerned with the production and distribution of 
improved qualities of .seed. 

Mvately endowed As.sociations of a similar nature are the 
Indian Tjoo Cess Committee, the Indian Coffee Cess Committee, 
and the Indian Tea Associaiion at Tocklai in Assam. These three 
Committees have helped materially, by research and propaganda, 
in I inproving the standawls of lac, coffee and tea. 

Up to almost 1930 the only literary and scientific society of 
an all-India status was the Asiatic Societjf of 
Bengal, Calcutta. Ever since its foundation this 
.Society, us has been described above, has done 
yeomen service in the advancement of both Arts and Sciences. 
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In 1930, the United Provinces Acndnnt/ of Sriencrs wan fr)mi<U*(l 
at Allahabad to provide for the meeting of students of nil liranolies 
of sciences in Northern Imlin. It was renamed the National 
Academy of Sciences. India in 193<i. 

The Indifin Academy of AV #>«««, Bangalor”, was started 
in 1934, with a view to holding regular meetings for rca<ling and 
discussion of original scientific contributions and for arranging 
symposia on subjects of spc<nal interest. In addition the Acwlemy 
provides in its Proceetlings a valuable agency for the publication 
of papers without delay : these are issued every iiumtli in two 
parts, (i) Physical and Mathematical Scries, an< I (ii) Biological 
Series. 

The National Inslitnte of Sciences of India, with its hea< I quarters 
at Calcutta, owes its existence ’ to the need keenly felt by scicidific 
men all over the country for a body which couhl co-ordinate the 
work of various scientific societies, institutions, and (Jovernment 
Scientific Departments and Services tliroughout the country. 
With this end in view a special Committee was a|>|>oiutc<l at the 
Bombay Meeting of the Indian iScicnce Congress Association in 
1934. This Committee submitted detailed proposids for considcra' 
tion by the Calcutta Session of the Indian Science Congress in i03r> 
and as a result the National Institute of Sciences was inaugurated 
in Calcutta on 7th January, 1935. Its programme of work was 
outlined as 

* (o) The promotion of natural knowledge in India including its 
practical application to problems of national welfare. 

(6) To e^ecl co-orclbietion beiwoen sc lend lie Academies, societies, 
institutions, and Government scientific departments and 
ser\*ices. 

(c) To act as a body of scientists of omlnence for the promotion 

and safeguarding of the interests of scientists in India : and 
to represent internationally the scientific work of India. 

(d) To act through properly constitulcd Kati<»nal Committees 

in which other ieamc<i academics and societies will bo 
associated, as the National Research Council of India, 
for undertaking such scientific work of national and inter- 
national importance as the Council may bo called upon to 
perform by the public and by Go^'emment. 

(<) To publish such proceedings, journals, memoirs and trans- 
actions. snQ other publications as may be found desirable. 

(/) To promote and maintain a liaison botween Science an<l Letters. 

(g) To secure and manage funds and endowments for the promo- 
tion of Science. 

(A) To do and perform all other acts, matters, and things that may 
assist ill. conduce to, or bo necessary for the fulfilment of 
the abovementioned aims aii<l objects of the Institute.' 


flf li' connecUon with the history and foundation 
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The isolation of scientific workers in India and the almost 
entire absence of scientific societies in India 
Indian Science Prof. J. L. Si monsen of Madras and Prof, 
elation ? S. MaoMahon of Lucknow, in 101 1 . to propose 

the formation of an Association analogous to the 
British Association for the Advancement of Science. The replies 
received to the appeal of the sponsors made it clear that there 
was a general consensus of opinion in favour of starting an asso* 
elation of this type, and in 1912, therefore, a Committee of 
17 foremost men of Science in India was selected to arrange for 
the holding of the first meeting. The Asiatic Society of Bengal 
was asked to undertake the management of the proposed Indian 
Science Congress.* and the first meeting was held in the rooms of 
the Asiatic Society of Bengal at Calcutta on January 15-17, 1014. 
with Sir Ashutosh Mukhopadhyaya as its first President. The 
first session of the Congress consisted of six sections, Chemistry, 
Physics, Geology, Zoology, Botany and Ethnography, and about 
$5 original papers were read. The annual sessions of the Con* 
gress last for one week and following the plan of its model, the 
British Association for the Advancement of Science, the venue 
of its meetings Is changed from one city to another, The second 
to seventh meetings of the first circuit were held from 1915-20 at 
Madras, Lucknow. Bangalore, Lahore, Bombay and Nagpur. The 
eighth to fourteenth ses-sions of the socornl circuit were held from 
1921-27 at Calcutta, Madras, Lucknow, Bangalore, Benares, Bombay 
and Lahore, and the third circuit sessions from 1928-34 were held 
at Calcutta, Madras. Allahabad. Nagpur, Bangalore, Patna, and 
Bombay. The first three sessions of the fourth circuit were held 
at Calcutta, Tnrlore and Hyderabad from 1935-37, and the Silver 
Jubilee Session, the fourth .session of the fourth circuit, was held 
at Calcutta in 1938 from January 3-9. At the Jubilee Session 
of the Congress there were 13 sections (Mathematics and Physics, 
Chemistry, Geology. Geography and Geodesy, Botany, Zoology. 
Entomology, Anthropology, Agriculture. Medical Research, Veteri- 
nary Research, Physiology and Psychology) as compared 
1914, while the number of papers communicated to the different 
sessions increased from about 35 in 1914 to over 800 in 1938 ; 
in addition there were 22 discussions in' individual sections and 
10 joint discussions of various sections. This mooting was a joint 
session with the British Association for the Advancement of 
Science. A very representative delegation of members of the 


1 A «po<«lal volume bv Prof. S. ?. .\g>iarkar on the history of the Indian 
Scieno*' Congress Association will bo issued at a later date- 

2 The name Iixlinn Science Coriercss was adopts! m view of there being 

ttlreedv in oxistonce in Calcutta an Indian Association for the Cultivation of 
Scion' - with oh|oct9 entirely diflerent from those of the proposed Association. 
In tlio name of the Congress was changed to Indian Science Congress 

AsSOCint K'n. 
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British Association and aUo scientific workers from otlior parts 
of the world attended this session. The great success of the Science 
Congress is proved, if any proof is needed, by the lai^o mirnbor 
of scientists from all parts of India who now att-end its .■H'ssions 
and the si 2 e of the annual volume of its Ptoctedings. The oi^jani- 
zstion has proved of very great value in promoting intercourse 
between the scientists of all parts of India, and ihcit* can be no 
doubt of its services in the cause of the advancement of Science. 

In the following pages I give short summaries ^ of the advances 
in various sciences in India * as detailed in Chapters II-XVIIT of 
the volume. 

Dr. Jenkins {pp. 1-17) considers the arrangements for scientific 
education in India to be far from satisfactory. 

Idifc^ion Scientific education, if imparted on proper 
lines, must bo * a natural cultural educational 
asset’, and give ' the foundation on which a satisfactory practical 
scheme of life can be built.’ The first issue is considered by the 
author to be the ‘ more fundamentally important aspect of scientific 
training * for which a good foundation can only be laid in the schools. 
After discussing the unsatisfactory nature of scientific education 
Id the schools in the different provinces, Dr. Jenkins puts 
forward a very strong plea for the provision of necessary facilitios 
for the teaching of science, including training of science teachers 
and the provision of laboratory equipnaent in the Middle and High 
schools. The question of the curricula for scientific teaching i^ 
discussed, and stress is laid on the fact that without a 'satisfac- 
tory foundation training in the scientific principles and in the 
elementary branches it will be impossible for the universities to 
achieve roasonably good results and provide teaching that is really 
of tbo university standard'. In this connection reference Is also 
made to the lowering of the ’ ago limit ’ for admission to the univer- 
sities. In rogard to higher education. Dr. Jenkins comments 
on the remarkable quantitative expansion of scientific education 
U) colleges, and considers the facilities available for the teaching 
of the large number of students with an inadequate pre-university 
preparation far from sufficient. He favours the Three Years 
Hodouts course and suggests that the course for the Pass Degrees 
also should extend to 3 years. The different standards for similar 
exammtions in various universities are commented on, and 
attention Is directed to the lack of correlation of subjects for various 
Degree examinations in certain universities. Post-graduate studies 


' The above auirunariee are baaed on the accounts of the vorious contri* 
do not aeceesarily represent the views of the Editor. 

* The Section entitled ‘ The Pursuit of Science ’ in Vol. Ill of Thf Cultural 
otrxiagu of India (Ramakriahna Centenary Volumes. Belur. Calcutta, 1037), 
^ong other subjects with Mathematics In Modem India ; Botany 
TIj T and Present; India's contribution to Client ical Knowledge ; 

•an India's contribution to lilodem Physics. 
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have doveloped in most Indian universities at a very rapid rate on 
the lines of the scheme devised by the late Sir Ashutosh Mookerjee 
for the Calcutta University, and as a result, according to the author, 
‘the volume of research work which is now being done is remarkable 
considering the unsatisfactory nature of school and college education 
and the financial resources of the different educational institutions/ 
Dr. Jenkins concludes by stating that ‘ much has been done, but 
that much remains to be done * and progress, rapid as it has been, 
will he still more rapid and effective with (1) the reorganization 
of secondary school systems so as to guarantee a sound fundamental 
education and preliminary scientific training, (2) the reorganization 
of university studies so as to guarantee a sound knowledge of all 
the fundamental sciences to serve as a foundation for advanced 
scientific study and research in any branch, (3) the co-operatioD of 
industrial and commercial firms in connection with research 
activities in various directions, and (4) securing endowments for 
research in the pure sciences which have no immediate direct 
commercial applications. 

In reviewing Mathematical Research in India (pp. 18-43), 
\ji Principal Sen refers to the pioneer works of 

a ma g.^ Asbutosh Mookerje© on Differential Equa- 

tions carried out during the eighties of the last century and of 
Dr. Gancsb Prasad in various branches from 1000-1935. The 
outstanding figure in the field of Indian mathematics in modem 
times was Srinivasa Ramanujan, whoso rise to fa mo provides a 
romantic touch to the matter-of-fact atmosphere of scientific 
research. Born of poor parents, his educational career came to 
an early end, and he had to start life as a clerk in the Madras Port 
Trust. The discovery of his natural genius for mathematical 
work, his subsequent work at Cambridge under the guidance of his 
}wimir<*r and mentor, Prof, G. S. Hardy, bis election as a Fellow 
of the Royal Society of London at the early age of 31 and the tragic 
end of his life so full of promise only two years later cannot bo 
dilated on here. Most of his important work relates to the Theory 
of Numbers ; his analysis of highly Composite Numbers is most 
remarkable and shows an extraorclinary mastery over the Algebra 
of inequality. In the Theory of Partition his genius appears in all 
Its brlllianoo and the Rogers-Ramanujan formulae are works of 
surprising elegance and beauty. His treatment of Elliptic and 
Modular Functions is equally masterly, and there can be no doubt 
that he opened up now lines of research in all the branches he took 

tip. 

In Geometry a great deal of work has been carried out on the 

differential geometry of curves, the properties of convex ovals and 
ovalouls in relation to various types of centroids and concurrency 
thcorcniK of hyperbolic triangles. The geometry of quadric mani- 
folds and geometrical transformations, the tetrahedra, and the 
conicoids have been the subjects of detailed investigations, while 
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the classificatiOB of double surfaces under c-crluin restrictirms and 
the theory of deformations have received some aUeiitjcm. Otljor 
problems in plane, algebraic and diflfercntial geometry have ul«<> 
been investigated. 

and algebraic equations have attracted a large iuiml)er 
of workers, and a large number of pipers have been published 
on the Theory of Functions and Infinite Series. 

The work of Ramanujan on the Thtonj o/ l^umhtrs referred 
to above, has been extended by a number of Indian workers, and 
Arithmetical Functions have also received some attention. 

During tho period under review a fair amount of work in 
Hydrodynamics, Theory of Elasticity, Theory of Relativity and 
Theory of Light has also been published. 

Researches in theoretical in India were started by 

Sir Gilbert Walker about a quarter of a century ago, and during 
the period under review, a fair amount of work of great practical 
importance in connection with weather forecasting has been carried 
out. The work in statistics has received a great impetus since the 
foundation of the Statistical Institute at Calcutta. 

Finally, mention may be made of the mathematical work in 
connection with Seismolog}’, Meteorolog^v, Terrestrial I^Iagnotism, 
etc., histories of Mathematics in ancient India and tlic papers on 
Hindu Astronomy published by a number of workers. 

In his review of Chemical Research in India during the past 
Cbemlstrv twenty«five years (pp. 44-80) Prof. Ghosh 

^ points out that at the beginning of the ]>erjod 

under review there were only a few centres for cheroi(‘al rosearcli 
in the country and the number of workers was also limited. Witli 
the foundation of the University College of SeieiK'e, Oilcutta, 
and of a number of universities at the beginning of this period, 
however, the facilities for scientific research were materially in- 
creased. The impetus given by the World War and tho develop- 
ment of Indian industries resulted in a greater demand for trained 
chemists, and fortunately the importance of a training in research in 
tbe equipment of such chemists was con.sidered essential. Tho 
foundation of the Imperial Council of Agricultural Research and 
the technological lal^ra tones working in association with it, 
as also of tbe School of Tropical Medicine and the All-India Institute 
of Hygiene, Calcutta, the Institute of Nutrition, Coonoor, the 
of Science, Bangalore, and the well equipped 
chemical laboratories of the Punjab University has helped materially 
to broaden the field covered by chemical research iu India. 

At the beginning of tbe period work in Physical Ch^mUlry 
™ progress. Researches in electrochemistry, colloids, 

meo^nism of induced reactions first attracted attention, and work 
on the kinetics of chemical reactions both in the dark and in light 
g^^Uy increased, both in volume and scope. The study of 
ooUoids spread with great rapidity, and for a time seemed to over* 
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shadow the interests in other branches of the snbject. Important 
investigations have been carried out on the kinetics of coagulation, 
electrochemistry of colloids and the study of emulsions. 

During the past few years a large body of workers has been 
stiulying the magnetic properties of chemical compounds, a subject 
of great interest both to the physicist and the chemist, and important 
contributions have already bwn made in this field. The physical 
|)roperties of rare gases of the atmosphere and of gases and vapours, 
including the Kaman Spectra, have also been actively investigated. 

The progress of research in Inorganic Chemistry, tliougli not 
so marked, has led to im|>ortant results. Studies on co-ordination 
compounds and co-ordination valency, development of macro- 
and micro-analytical methods, compounds of boron, and a number 
of other interesting chemical reactions have been carried out in fair 
detail. 

Terpenes and terpene derivatives, synthetic dye-stuffs and 
the relation between tbeir colour and molecular constitution, 
have formed some of the main lines along which research in Organic 
Chemistry has progressed. In addition, researches on the synthesis 
and cfiemical constitution of heterocyclic compounds, specially 
those containing oxygen, nitrogen and sulphur, have been actively 
pursued, and within recent years the preparation of valuable 
pharmacological synthetic products has attracted considerable 
attention. The interest in natural products has been extended 
to plant and animal products, including oils and fats, alkaloids, 
etc., while the isolation, and the study of pharmacological properties 
of the active principles of indigenous medicinal plants is leading 
to valuable results. 

In the field of Chemistry progre.ss is not so marked, 
but t he establishment of departments of applied chemistry in several 
universities and of official and non -official technological industries 
during recent years shows that Industrial Chemistry is receiving 
its due share of attention. Of the subjects which have already 
attracted attention, mention may be made of researches on oils 
and fats, soaps, essential oils, wood and cellulosic substances, 
jute, sugar, tannin, lac and shellac, coal and coke, and gaseous fuel. 

The importance of Biochemistry in relation to problems of 
human nutrition, Animal Husbandry and Agriculture has given a 
gr<*at impetus to its study in India within recent years. Nutrition 
problems of roan, animals and plants, deficiency diseases, enzyme 
actions, wiological studies of normal and pathological subjects, 
.•^oil microbiology, fermentation, vitamins, venoms, oxidation 
procr^ss^-s in biochemical systems, illustrate the wide range of 
problr ms that have been taken up and investigated. 

A detailed account of the progross of 
Geology and Geology and Geography in India during the 

eograp y p^st twenty-five years has been contributed by 
Mr, Woflia (pp. 86-132). 
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The Arckcean rocks, which constitute tiic main boiiy cif Wio. 
Peninsular shield and are the carrioi^ of tJic principal oro*flcj)usits 
of the country, present many difficult problems of stnili|'raplii<‘ 
sequence and correlation, but concentrated work by tlic Geological 
Survey of India and the Mysore Geological Dopurlment during lh(5 
past 25 years has thrown a great deal of light on those pr<iblc*nis. 
The principal divisions of the Archa^ans of the Pen insula, bat^ccl 
on recent work, are indicated in a tabular form. Uofailod survey 
of the great pre -Palaeozoic rock -systems of Rajput anu has c* lea red 
up their geotec tonic relations, and the part played by its nor t ben i 
promontory, the ‘Punjab wedge* in moulding the orient at ion of 
the Himalayan, and possibly also of the Karakoram and Porghuna 
ranges. The Archaeans of the Central Provinces, Chota Nagpur 
and Mysore State, and the Himalayan Arch stuns have also been 
studied in fair detail. 

The geologi<*al investigations of tho last two decades have 
not materially altered the basic ideas regarding tho Gondu'una 
System, but there has been a marked advance in classificatory 
details, the study of the floras and faunas of the period and in 
precise flzation of the age of the basal boulder- bed as Uralian. 
In view of the fact that 08 per cent of the Indian coal is derived 
from the Lower Good wan as, and the total reserves of good grades 
are estimated at less than 5,000 million tons, recent work attaches 
great importance to the question of the conservation of this 
important mineral fuel. 

The age of the Deccan Trap is a matter of great sclontiflc 
interest. As a result of recent palsobotauical and palaeozoological 
work it appears to be of Eocene ago rather than of late Cretaceous 
age as it was hitherto believed to be ‘ on stratigrnphical evidence 
and field relations of the traps to tho formations below and above 
them.* 

The detailed stratigraphic study of the Salt Bangs has definitely 
proved the existence of several thrusts of immense dimensions 
(nappes), and brought the much vexed question of the ago of the 
great rock-salt deposits of this area nearer solution. 

The Tcriiarits of Northern India and Burma have, during 
the period under review, received a great deal of attention, partly 
owing to their rich fossil faunas, and partly because of the association 
of oil and coal with the Tertiarj' strata. 

As a result of recent work very important advances have been 
made in our knowledge of the structure of the Himalayas. Tectonic 
work in Kashmir, Simla and Garbwal Himalayas has materially 
changed the old ideas. Enormous tangential thrusts have been 
proved in these areas, whereby slices of the mountains have moved 
forward for miles, piled upon each other and folded back. The 
1^ of these great earth-movements, in the Punjab at least, has 
now been proved to be geologically as recent as Middle Pleistocene. 
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The huio-Qangttic Trough has since the Bibar earthquake 
of January 1934 received considerable attention. The northern 
rim of the great Trough, which is under considerable tectonic 
strain, forms the belt en com pissing the epicentres of the majority 
of the known earthquakes of Northern India. 

Pal<Bontological work during the period has been concentrated 
mainly on the invertebrate faunas of the older PaI®ozoic and 
Anthracolithic formations of the Himala 3 'a.s. Burma and the 
Salt Range ; Tertiary- Mammalia : Cretaceous Dinosaurs ; Jurassic 
Cephalopods and the Gondwana Floras. 

During the past 25 ^’ears there has been a remarkable progress 
in the field of Economic Geology in India, The Geological Survey 
of India is now devoting more attention to (a) the industrial and 
economic aspects, and (6) engineering, soil, water-supply and 
kindred problems. 

The section on Geography and Geodesy includes a brief summary' 
of * the geographical work done in India during the last century' 
and half ^ in connection with the topographical mapping of India. 
Reference is also made to the .survey and exploration of the 
Himnlaj’as, and the air -survey of about 12,000 square miles by 
aerial photography since 1923. The revival of geodetic activity 
in India has proved the inadequacy* of the Isostasy Hypothesis 
for explaining Gravity anomalies by isostatic compensation. The 
(rravimetric survey has now definitely proved a deep-seated belt 
of excess of density underneath the plains, running N.W, and S.E. 
from Karachi to Orissa, with belts of defects of density to its north 
and south. Geo<letic measurements in India repeated at intervals 
do not lend any support to crustal movements postulated by some 
authorities, nor has the work on astronomical latitudes provided 
any evidence nf continental drift as enunciated by Wegener. 

In the review of the progress of Agricultural Science in India 
. , , , during the past twentr-five years by Dr. Bums 

(pp. 133-186) the development of Agriculture 
on scientific lines in the country is traced to 
the recommendations in the Be port of the Famine Cotnmie/tion 
(1880). Dr. Voelcker’s Report on the Jmprot'ement of Indian Agri^ 
cull tire (IKH3) and the Report of the Royal CommisAion on Agriculture 
(1028). ‘The central and provincial Agrieultural Departments 
nf India in their present form came into being ’ as a result of the 
rccorumcndatlons of the first two reports, while the Imperial 
fV)iin(il of Aurl cult lira! Research, which ‘ is now the great organizing 
and co-ordinatini» influence in agricultural research throughout 
Indi I ’. ^s*as established in 1929 in accordance with the recommenda- 
tlon« “f the Royal Commission. 

Breeding attracted the attention of various workers 
In Tndin at an early date. In the first period rapid success was 
achk v-'d as a result of the great wealth of unsclected material 
availah]'* for plant breeding, but owing to insufficient knowledge 
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of genetics the yield of new breeds was not very cncooragiiig. 
This was followed by * a second period of rapid progress duo to tho 
greater applicability of modern genetical knowledge and bolder 
conceptions of what could be obtained by bringing in new gooes 
from ^stantly related and often wild species *. As a result improved 
strains of various crops have become available and the progress 
in the held as a whole has been remarkable. In cotton several 
improved, commercial varieties such as 2d9F in the Punjab, 
Jaywant in Bombay, and Verum selections in the Central Provinces 
deserve special mention. A great deal of work has beeti done 
on wheat, and several strains of high quality, such as Howard's Pusa 
wheats, Punjab 8 A and some of tJie Bombay Kbapli crosses such 
as 808, have been produced. Intensive research has also been 
directed to tho selection of species resistant to Wheat Rust. The 
number of varieties of rice cultivated in India is very largo, an<l 
of these, by selection and hybrtdiaation. several better strains 
have been produced — the ones deserving special mention being 
the Kolamba 42 in Bombay and a strain immune to Rice Fly 
attack selected in the Unit^ Provinces. Tho greatest triumphs 
of the plant-breeders in India, however, have been achieved iji 
connection with eugarcant, which has provided spectacular results 
in the way of hybrid and crossed varieties suitable for every situation 
in India where sugarcane can be grown. Most of the now, so-called 
'Co' (sOoimbatore) varieties yield much higher quantities of 
sugar than the parent species. MilUU, oil»$4ido and various miscol- 
ianeous crops such as chilly, hemp, potatoes, etc., have also received 
attention. 

Extensive studies have been carried out on plant dieeasee duo 
te fongi, and striking results have been obtained in the control 
of Red Rot of sugarcane. Bud Rot of cocoanut, Kolerog disease 
of the areca palm and the wilt disease of cotton, etc. 

InHcl peeto of crop plaiiU have received considerable attention, 
and a great deal of high class work in connection with the elucidation 
of the life-histories and control measures for these pests has been 
wried out during the period under review. Special mention may 
te made of the extensive locxiot survey during the last seven years 
beginning in December 1930 under the aegis of the Imperial Council 
ot Agncultural Research. The data collected will, it is hoped, 
make it possible to deal effectively with the locust problem. Refer- 
may also be made to the successful control of Pink and Spotted 
oil worms of cotton. Sugarcane pests and pests of the fruit 
rees have also received a considerable amount of attention. 
of re^aroh has been devoted to the reclamation 

acidity and hydrogen-ion conceniration, base- 
colloid, soil fertility, soil microbiology and finally 
annU 7^^^* moat striking advances in this section are the 

ideas of the Russian soil scientists to soil 
cation in India, and the working out of standard methods 
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for the conservation of moisture by the dry farming research 
stations. Studies on the Chemistry of plant and pUint products y 
have also yielded valuable results. 

Although a great deal of attention has been paid to tractors 
and other mechanical agencies for ploughing, etc., definite improve- 
ments have been carried out in the indigenous implements. As an 
example of the achievement of agricultural engineering research, 
the success of land development in the way of contour bunding 
which has been developed in certain provinces, notably Bombay, 
may be mentioned. 

Plant Physiology and Biochtmislry have received a fair amount 
of attention at the bands of a number of workers, and our knowledge 
as regards the water requirements of plants has, as a result, consider- 
ably increased. 

The application of statistics, particularly Fisher’s methods 
to agricultural experiments has opened new lines for detailed 


work, 

A great deal of research has been directed towards the produc- 
tion of grass and other crops for fodder. Great advances have been 
made in this direction, but the pressing need at present is judicious 
crop planning whereby a larger area can bt* set aside for intensive 
fodder cultivation. 

Notable advances in fruit culture are indicated by the India- 
wide awakening of interest in fruit culture, by the development 
of research stations and appointment.s of fruit specialists in almost 
all provinces. A great deal of work has been carried out on the 
classification, propagation methods and important diseases of 
various fruits, With this work may also be associated the advance.^ 
in the canning of fruit.s and the bottling of fruit juices, as also the 
work in connection with the cold storage and transport of fruits. 

The application of the modern methods of enquiry to agri- 
cultural economics has jnelded valuable data regarding individual 

and village economics. , . _ 

In reviewing the progress of Veterinary Research in India 
from 1911-1936 (pp. 187-236) Mr. Ware does 
Veterinary confine himself to the restricted spheres 

Research animal pathology or animal m^icine, but 

includes researches in allied sciences which form the background 
of comprehensive work on Animal Husbandry. The major pa 
of the research work during the period has been earned out at the 
Imperial Veterinary Kesearch Institute. Muktesar, but ^thm 
recent >ears the Imperial Council of Agn^iltural Research has 
provided ‘ the funds for the appointment of a Veterinary D^ase 
Itcsoarch Officer in each British Province and Hyderabad State . 

Systematic investigations of the diseases of domestic animals 
during the period bv the Imperial Veterinary Research Institute 
in collaboration with the Civil Veterinary Department and ve^n- 
nary colleges of various provinces have resulted m the collection 
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of precise information on many problems coiiikh led witli tlic 
and ill health of livestock in India. 

During the early part of the period cJforL' werx; cojuchlrutvrl 
on the control and eradication of rindcrjwsl. The proiwiratioii 
of a vaccine for the control of this dreadful disease of cat t Ic* liy rtu*ans 
of a goat-virus, which has been fixed at a low lt^\'cl of virulenc e 
for the oz«tribe, has proved highly successful lor controlling, at 
a very low cost, serious outbreaks of rinderpest aiitongst cattle*. 
A great deal of research has also been carried out in cotinoctioii 
mih the prevention and treatment of other bact<*rial diseases suc'li 
as Haemorrhagic septicemia, Ant braz, Black -qua tier, Tuberculosis, 
Jofane’s Disease, Glanders, Strangles, Poultry and Ocvniiie Diseases, 
etc. The various means devised to combat these diseases have 
consisted of (i) protective substances such as sera, vaccines and 
viruses for the treatment, and (ii) diagnostic and serological test.s 
which help in determining the incidence of some of the tli waxes. 

A great ma}orit3’ of protozoan diaecisea of domr.stic animals, 
.'^uch as Surra ; Dourine, Bovine, Canine and Equine Plroplnsmoscs ; 
Theileriasis ; Anaplaamosis ; Leishmaniasis, etc., have been uive.s- 
tigated. Special mention ma^* be made of the control nicasuri s 
for Surra evolved as a result of careful research, and whieli Imvu 
enabled the disease to be brought under satisfactory control. 

The period has witnessed a growittg recognition of the import- 
ance of detailed studies of diseases for which dipterous insects 
and arachnids act as vectors. As a preliminary essential to tliu 
formation of working hypotheses with regard to the species which 
act as vectors for the transmission of aucb diseases in the country, u. 
considerable amount of work has been carried out on the system atiis 
of the Diptera and Arachnids, lu connection with the transmission 
of Surra various species of Tabanidse have been investigated, 
with negative results. The investigations on the vectors of rinder- 
pest also have not so far led to any definite conclusions. Experi* 
mental work has been carried out on various ticks and mosquitoes 
m connection with tick fever of dogs and other diseases. 

Considerable advances have been made in the elucidation 
of a number of important disease conditions duo to hsltniTUhic 
ixirasitss, in particular to Schistosomes and larval forms of Filarias, 
&nd in the case of Schistosome diseases it has been possible to devise 
highly successful methods of treatment. 

'It is now recognized that the breeding of domesticated 
animals is & science, knowledge of which can act as a safe guide to 
all breeders who follow certain laws of selection and mating on the 
<»e hand and scientific feeding on the other.’ With this basic 
wa cross-breeding, selective breeding, etc., have been resorted 
a view to producing better milk-yielding and draught 
Dteeds. This quest for dual-purpose animals, which should com- 
Dine niilk and draught as the two essential qualities of the breeds, 
as unfortunately held back improvement in both classes of breeds, 
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a Si the desired combination of qualities seems impossible. Purity 
of stock and pedigree questions have also received considerable 
attention and problems of animal genetics are being studied in 
connection vith special herds. Buffalo, goat, sheep, horse and 
potiltry breeding are also receiving a fair amount of attention. 

Systematic investigations have brought to light a number of 
disease conditions, the catises of which were hitherto obscure 
btit which have now been shown to be due to nutritioTuU deficiencies. 
Problems connected with coarse fodders, hays, rice straw, fodder 
consei^’ation. etc., have been the subject of considerable research, 
and in view of the great importance of the fundamental problems 
connected with the nutrition of animals a Central Institute for 
Animal Nutrition Research is to be started at Izatnagar, while 
subsidiary research stations will be located at Coimbatore, Lyallpur 
Hiid Dacca for the study of the more local problems. 

Dairj* Husbandry in India, as Mr. Kothavalla points out in 
i u w his review (pp. 23(>-254). was not organized 

Dairy Husbandry ^ geientifiV basis till after the World War. 
In earlier 3 *ears a great deal of very valuable pioneer work in the 
development of the dairy in dust r>’ in India was carried out by the 
Military Dairy Farms Department of the Government of India 
by the establishment of dairy farms in almost all the important 
military stations in the country. The experience gained by the 
Miccessful running of these large concern.s on sound, scientific lines 
proved not ou\y invaluable for future work, but also laid the founda» 
tfons of modem dairy farming in India. 

The Imperial Dairj’ Expert was appointed in 1920, as a result 
of the recommendations made by the Board of Agriculture in 1916, 
while the institutions dealing with Huimal husbandry were separated 
as a distinct organization from the Imperial Institute of Agricul- 
tural Research a few years later. The programme of work of the 
new organization, which proposed to deal not only with milk and 
milk products, but also with the breeding, feeding and management 
of dairv animals was outlined as : — (1) Dairy education, (2) re^arch 
(•n various problems connected with dairy husbandry m Indm, 
an<l (3) to act as an advisory agency for the guidance of trade 
in the preparation and disposal of dairy produce. Concentrated 
work has been carried out along these lines ever since by the Central 
Agenev, while the provincial organizations have helped mainly 
by the improvement of the cattle breeds indigenous to the various 

provinces’. ^ t j* 

In regard to Educaiion, the Government of India 

instil ut«d the Indian Dairv Diploma in 1923, which is given, 
..ftcr r>:ammation, to candidates who have undergone two years 
training in selected institutes. A post-graduate course for more 
advaured specialization in research work’ and for the ordm^ 
men in tlie trade ‘ facilities for the acquisition of practical knowledge 
of tJie latest methods of work ’ have also been arranged, 
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In view of there being no indigenou.s biocds of <luin' C5»(ll«5 
^th milk yield sufficient to make dairying a paying proposilioh, 
ft neat deal of earHer eattU breeding work was dirc<-lcd towardn 
cr^ng Indian cattle with well-known Wcalern dairy brocds. 
The results have been disappointing, and ‘cross breeding as a 
policy for the general improvement of the cattle wcsaltli of tbo 
country ’ has been found to be wholly unsuitable. {SLmilur expen- 
merits at acclimatizing European cattle to Indian conditions and 
breeding them pure in the country have not so far yicldc<l very 
encouraging results. The breeding of indigenous breeds, on the 
other hand ‘ by pure lino selection with the definite objective ot 
developing a high milk yielding strain ’ has proved very sucwasful, 
and good herds of Sahiwal, Scindi, Hariana and Tharparkar, 
which compare very favourably in their milk yield witli Western 
dairy cattle, have been established at diiferent centres. Systematic 
bleeding of the buffalo, the other milch animal of India, has 
improved the fat content of its milk by over 5(\%. Honl Book.s 
started recently for selected Indian milch breeds should prove useful 
in connection with future breeding work. 

As most of the natural fodder in India is available only during 
the monsoon, a groat deal of work has been carried out in selecting 
more profitable /odder crops. Cultivation of perennial grasses in 
irrigated areas and growiiig fodder crops in rotation liavo roocivod 
a great deal of attention, and experimental work on silage opera tion.s 
has yielded valuable results. Detailed investigations have also 
been carried out on starch equivalents of various Indian foo<U. 
carotene contents of important fodders, mineral feeding of adults 
and calves, digestibility of coarse fodders, requircnKiils of concen- 
trates by dairy cows, etc., and a great deal of data collected — this 
should enable the dairyman ‘ to compute rations so as to be ablo 
to get the most out of the money spent in feeding his stock 

Bearing and management have received a considerable amount 
of attention, and advances made in systematic breeding, overcoming 
late maturing and irregular breeding of various breeds, milking, 
standardization of lactation periods and other connected problems. 

A great deal of intensive research has also been devoted to 
the production and handling of milk and milk products ; and the 
Agricultural Produce (Grading and Marking) Act, 1937, is likely to 
provide the necessary ‘ incentive to the pr<^ucer6 and traders to 
deal in improved quality products *. 

In a detailed review (pp. 255-299) Kao Bahadur Dikshit has 
iirchssoioav discussed the progress of Archaeology in India 
during the past twenty-five years. Reference 
18 made in the introduction to the state of archaeological studies 
in India prior to 1902 when Lord Curzon reorganized the Arch»o- 
Icgi^l Survey and appointed Sir John Marshall (then Mr. Marshall) 
ss its first Director General. The inauguration of systematic 
excavations in India according to the scientific methods adopted 
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ia Western countries, t he preservation of monuments, the encourage- 
ment of epigraphi('al studies and the establishment and development 
of Archaeological niuseums stand to the credit of Sir John Marshall. 
Excavations have been carried out at KajgJr, Sahet Mahet, Kasia, 
Sarnatli, Mirpur Khas, Pesliawar, Bbita, Basarh, Taxila, Patali- 
putra, Saucld. Besnagar and Xalanda. Most of these sites, which 
were already w'ell known, were refcrrable to a date prior to the birth 
of Buddha. In 1U22>23 the discovery of Mohenjodaro in Sind 
opened a new vist-a of research, as it carried back the antiquity of 
Indian civilization to at legist the Chalcolithic Period of about the 
tliird millennium B.C. Extensive excavations in connection with 
tlie sites of this period imve been carried out at Mohenjodaro, 
and at Huruppa in the Punjab while explorations have been carried 
out In Baluchistan and a preliminary prehistoric sun*ey of Sind has 
also been completed. The increased grant available for excavation 
work also made it jwssible for the Department to extend its activi- 
ties in Bengal, Bihar ami tho Madras Presidency. 

The activities in the field have been responsible for the growth 
of a rc h ® ol< )g I ca I in u s<*u m s i n the coun t ry . Am ong th e new ni 1 1 sen ms 
started during this {x*rio<l are the Central Asian Antiquities Museum 
at New Delhi, and the museums at Taxilu, Samath and other sites 
of excavation.^. Nuincroius additions have also lieen made to tho 
Arcfia'idogicnl Secii<»n of the Indian Museum which has !<hown 
remarkable development during the last twenty-five years. 

The pivservation of monuments was, during this period, 
rccogjiizc<l us a charge of the C<‘ntral Government, and since the 
Deforms of 1919 a sy»teinatic campaign has been undertaken by 
the Deimrtmcnt to repair and maintain in good order the national 
monuments of India. A .specially trained Archaological Chemist 
liiis also Ih'cm engaged in th© treatment of excavated objects and 
those housed In museums, and also on th© analyses of various 
specimens to dt:teruuno tho compositions and technique of pre- 
paration of various materials such as metals, glass, glazes, faience, 
mortars, pigments, etc. 

Ill tho domain of Epigraphy may b© noted the discovery ol 
a large nurnUT of inscriptions of historical importance, such as 
the Edicts of Asoka in the Nizam's dominions, the inscriptions of 
the Ikshvaku dvna>ty from Xagarjunikonda. the oopper-plato 
of u Vukatukji queen.' the Gupta copper-plate of Devapla. the 
\‘eluri)alaiv<im copper* plates of the Pallavas, the Brahmi inscrip- 
tions of the Ma*lnra and Tincvelley caves, the Inlxdled portrait- 
statues of Fa 1 lava kings, the Alluru inscription and so on. These 
important fliscr,verics have .supplic<l various missing links, and 
as a result several disputt*d points of chronology have been settled, 
oiToiu-oiiv views corrected, and fresh information obtained, all ot 
which fia> great Iv ext endu'd our knowJedgo of the ancient history 
of India. Much* has also been done for the decipherment and 
publicati'*n of Indo-Moslcni inscriptions. 
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CoQsider»ble progress }ias been made in tbe 8tu<ly of iV 
maiic 4 The discovery of several hoards of pnm-h- marked coins, 
which constitute India’s earliest coinage, has shown that Uus 
form of currenev was prevalent over the wliole of ^^ortliern India 
and existed also in the South. Tho .liscovcry of a large iiumbcr 
of ol*y-moulds of Yaudheya coins near Rolitak in the Fiinjai) l.aa 
thrown important light on tho method and tcclmiquo of casting 
coins in ancient India. In the Eeld of Kahatrapu and Gupta coiim 
considerable advance has bc*cn made and similar progress js reported 
in the study of Muslim Numismatics. 

Much of India‘3 precious heritage is to bo found within tho 
domains of the Indian Rulers many of whom have followed u pro- 
ffressive polic3' in the matter of arch«ological ivsearcii. In tho 
premier state of Hyderabad. His Exalted Highness tin- Nizuin 
founded an Arch »ologi cal Department in 1014, whoso grontest 
triumph is the work in connection with the preservation of tho Ajantiv 
frescoes. Similarly, Mysore and Gwalior havo organized their 
Archeological Surveys. The former has undertaken excavations 
at the ancient site of Chandra valli and the latter at Padmuvati, 
one of the capitals of theNaga kings of tlic third century A.D. 

The progress of Anthropology in India during the past twenty - 
f^ve years is reviewed by Dr. Oiiha (pp. 31M)* 335). 

Anthropology This period immediately follows an oarluT ora 
in which proliminar)' survey of the tribes and caates o£ India and 
the beginnings of more intensive studies of special groups of racos 
in selected areas had been started on the linen laid do^^'n liy Sir 
Herbert Risley. The earlier work of a gonoral anthropological 
nature with a list of works dealing vith ihv special areas and tribes 
is reviewed in an introductory section. The outstanding works 
in this connection published mainly during tbe period under review 
are (i) detailed studies ou a number of tribes of the Naga Hills ; 
those investigations, which cover almost an entire block of conti* 
guous and closely related tribes, provide a fairly complete account 
of the stratification of tho Nvga cultures ; and (ii) detailed work 
on the Austric-apeaking people of the Central Belt, which has 
cleared up severed important aspecta of tbe social and religious 
institutions of these interesting tribes. 

Prehistoric archceolog^ has received considerable attention 
during the period. The discoveries, which brought to light tbe 
characteristic traits of tbe Indus Civilization of Obaleolithic times, 
resulted from extensive excavations carried out by the ArchmO' 
logical Survey of India at Mobenjodaro in Sind and Harappa 
in the Punjab. A Megalithlc culture with a Neolithic basis has 
been discovered in the north- west of Lidia, while a certain amount 
of work has also been carried out in Megalithic ruins of South em 
bdia with which it would appear to be ultimately connected. 
®^lly, mention may be made of the Stone- Age Culture as re- 
presented in the Scan Valley ; this is essentially a flake culture 
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reminiscent of the Mousterian industry of Western Europe, and 
apparently was the source from which the Paleolithic culture of 
the Nurbadda Valley, Western Ghats and South India was derived. 

During the period under review work on Physical Anthropology 
has been developed along two lines : (i) study of the skeletal 
remains of India’s past population as recovered from various 
excavations of prehistoric sites, and (ii) somatic characters of selected 
groups of the present-day inhabitants of India. 

The studies on the prehistoric human remains from the Indus 
Valle}’ during the Oh al eolith ic times and Baluchistan have proved 
a close resemblance between the chief racial types recovered and 
those found in pre-Sargonic Mesopotamia. The Aditanallur 
(Madras Presidency) skulls have been found to be of two types ; 
an Austroloid type, and second a more closely allied to the 
Armen Old. 

A detailed surve)* of the somatic traits of the Indian races 
has made it possible, for the first time, to reconstruct a racial history 
of India, In this connection reference may also be made to the 
studies on the racial origins of the Indian peoples, the comprehensive 
researches on various sections of the population of Portuguese 
India, as also of the north, particularly of the Dardic tribes in the 
upper Indus Valley, 

Within recent years, work has also been started on the blood • 
group distribution of various tribes and classes of India. 

In Cultural Anthropology mention may be made of the ana- 
lysis of the Indian caste system, marriage regulations as affected 
by contact of peoples, and the existence of a dual organization as 
the basis of the Dra vidian social structure. Religion, folklore, 
magic, medicine and witchcraft amongst some of the primitive 
tri^s have also been studied in detail in certain areas. 

Psychology, as Dr. Bose pointe out in his review (pp. 336-352), 
is the youngest of all sciences. It was only 
Psyc o ogy Psychology was allowed as a 

separate and independent subject for the post-graduate classes 
in the Calcutta University. Since 1916, however, psycholopcal 
studies have been started in several of the Indian universities, 
and the psychological movement has made steady headway. 

Various new instruments have been devised by different 
workers for experimental work in psychology ; of these the expo- 
sun* apparatus, ergograph and aesthesiometer may be specially 


mentioned. 

Most of the research work carried out in India during the 
period under review concerns specific problems, such as emotions, 
instinr^t, consciousness, problems of errors and illusions in the 
domain of perception, learning and memorization, reaction -time 
reflexes, child education, intelligence, etc. 

Social psychology and group psychology have attracted a number 
of W'^rkors. The importance of industrial psychology has been 
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stressed in several recent c-ontri but Ions, and tlu* problem offaligm* 
has been investigated in some detail. 

In the domain of c6norwwi/ psychology valuable work has been 
carried out on the different aspects of abnormulitica in childrcti 
and the effect of parental behaviour on their mental constitution, 
dementia pr»cox, pykenolepsy, suicide » sexual reciprocity, et<\ 
On the basis of psychoanalytic case records a new theory of mental 
life has been advanced in which i-epression, ambition, conscience 
and other mental mechanisms are explained on the ‘ basis of cunflic i 
between wishes of the opposite type 

Studies have been directed to elucidating the history of psycho- 
logy in India, with particular reference to the findings of ancient 
Indian philosophers: the place of psychiatry in India has ulso 
been discussed in two important contribution.s. 

Br. Rao in his review' (pp. 353*433) has described in detail 
- . the progress of zoological resoarcli in India 

00 ogy during the last quarter of a century. Tlu^ 

outstanding achievements of the period may be said to be (1) the 
establishment of properly equipp^ Zoology Departments in most 
of the Indian Universities, (2) the official recognition accorded 
to Zoology by the Government of India by the foundation of the 
Zoological Survey of India in 1916, for emending the knowledge 
of the geographical distribution of animals in iho country by 
survey work, maintaining and looking after the National Zoological 
Oolieotions in tlio Indian Museum. Calcutta, and acting as the 
Bureau of Systematic 2^logy for the Indian Kmpirc, (3) the 
organization of special Mammal and Bird surveys in the hitherto 
unexplored or little -known regions of the country by the Bomba)' 
Natural History Societ)', (4) the realization of the importance of 
zoological research and its application to the elucidation of problem^ 
connected with medical and veterinary sciences on the one hand 
and agriculture, forestry, and fisheries on the other, and (5) the 
oceanographical studies leading to an increase in our knowledge 
of the physical conditions governing the life of marine animals in 
the surface waters of the Bay of Bengal and the Andaman Sea. 

^ The first achievement has resulted in a fairly wide dissemina- 
tion of zoological knowledge and organization of research under the 
awpices of universities. Owing, however, to limitations in the way 
A reference collections, etc., such research has been 

eoimed chiefly to morpholc^y, taxonomy, and cytology of animals 
Which are found abundantly within easy roach of the university 
centres. The morphol<^ of the Vertebrate groups, and the taxO' 
Qomy of 01igoch«tes, Helminths and Protozoa, and the cytology, 
acre particularly gametogenesis, of various Invertebrate animals 
considerable attention. The difficulties experienced 
touowing text-books of foreign origin in practical classes working 
mtn ^dian species of animals as types for study led to another 
portant development in the history of Indian Zoology, namely, the 
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preparation and publication in India of a series of detailed Zoolo- 
t'ical Memoirs on j<ome of the commoner types of Indian animals 
used in various Indian laboratories. 

The work of t lie Zoological Survey of In dia has led t o a consider- 
able increase iji our knowledge of the Indian fauna, more parti- 
Milarly of the Invertebrate groups of animals, both in regard to 
their taxonomy and geograph ieal distribution. The groups which 
have received most attention during the period under review are 
the freshwuters sponges; coelentcrates and polyzoa ; fresh- and 
brackish -water moll n sea : cnistacea, chiefly the fresh- and brackish- 
water crabs and prawns, and the copepods of the Indian seas ; 
insects belonging to the ortlers Diptera, Ephemeroptera, Coleoptera, 
and Kliynchota ; frc'sh water fishes of the torrential streams, lakes 
and ponds, Batrachia and Reptilin. These have been studied with 
special reference to their habitats In different parts of the country. 
The structural modifications following adaptations to the peculiar 
( onditions which prevail in these habitats and their bearing on 
taxonomy have also received attention. 

The work carried out by various specialists on Indian birds 
• tnd mammals in the nineti*enth and early part of the present century 
had revealed wide gaps in our knowledge of the distribution of 
t h CSC n n i in a Is. The s u r vcy .s beg u n u ruler t h e au spice s of th e Bom bay 
Natural History Society have helped considerably to bridge these 
gaps and introduced new criteria for the classification of birds and 
mammals. The trinomial nomenclature adopted for the birds and 
file revised Ffiuna volume.s on this group is hut one of the results 
of the detailed stinly of the avifauna of the country. The revised 
volumes on Mammalia in the Fauna .'series, which are expected to 
be published .shortly, will cmbo<ly similar modifications in the 
taxonomy of inamm^ds and should add considerably to our know- 
ledge of thoir distribution and of the inter-relationships of closely 
allied forms. 

The extent to which zoological knowledge le being applied to 
the oluchlation of the ]»rob1cms of di?-case and destruction of human 
l>eings, anlmal>. and plants in India is reflected in the growth of 
>l>ecialist iustitntions like the Imporiul Council of Agricultural 
Research, the* IrnyMTial Vetcrlnarv Research Institute, the Imperial 
Forest Respan li Institute, the Seliool of Tropical Medicine and the 
All-India Institute of Hvgiene, the Central Malaria ReseAroh 
Organiziition, the Indian Lac Research Institute, the Locust 
Rosen reh Organization, etc., which have been established during 
the last quarter of a century* or .so. Within recent years Proto- 
zoologists, Helminthologists and Entomologists have taken an ever- 
increasing share in the work of these institutions. 

As a result of detailed investigations in European waters it 
has l>ecn definiti-Iv established that the prosperity of the Marine 
Fisheries is enthviy dependent on the planktonic population of the 
6»ea wat«T. and this in turn is determined by the physical conditions 
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of the surface sea wat«r. Tlio study of t»ioso coriditioiis for tlie 
first time in Indian waters, particularly of the Bay of Bengal, and 
other oceanographic«al research curried out by the Hurgvon Naturalist 
to the Marine Survey of India have greatly advancc<l our knowledge 
of the hydrography of the Indian seas during tli<* quarter of a 
century following the inauguration of the Indian Sciciico Congress. 
Mr. Champion in his review of the progress of Forestry in 
India during the past twenty -five years (pp. 434- 
Forestry remarks that this period was ushered in 

by the opening of the Forest Research Institute building at Dclini 
Dun in 1914, as a result of which the progress made during this 
quarter of a century has * boon far greater than that scon by any 
previous quarter- century *. To meet the increased dcjmaiuls for 
research and investigations in reference lo Forestry a now instU 
iute was fouiid necessary and was completed in 1927. In four 
branches — Utilization, Botany, Entomology and Chemistry — the 
major part of the programme of resear<*h on Indian Forestry 
drawn up in consultation with tho provineoN. is centralized at 
the Research Institute. In Silviculture, on the otijer hand, the 
main research is carried out by pruvincial agencies and only the 
important work of collation and standardization is carried out by 
the Central Silviculturist at Debra Dun. The arrangements f(»r 
forest education in India both in regard to senior training courses 
at the Forest Research Institute, Dehra Dun, and the subordinate 
courses at the Ranger College, Debra Dun, and tfie Madras Forest 
College at Coimbatore are briefly mentioned. 

rtstarch in the provinces has progressed at a 
fairly rapid rate and, except for the provinces of Bombay and 8ind, 
there are at present whole-time Silvicultural research officers in all 
provinces. At the Central Institute statistical work has been 
thoroughly standardized, and Yield and Volume Tables for Sfiorca 
robu^ia, PinxtA longifc^ia^ Ctdrus dtodara and Quertus incana havo 
been drawn up. Attention has also been p^iid to the expcriinontat 
work connected with regeneration and recent j’cars havo seen * the 
appbeation of statistical methods to an ever-widening field of 
6*perimentftl results’. Another recently completed task is tho 
p^paratlon of preliminary statistical surveys and descriptions of 
the main types of forests in India. 

Botanical rtstarch in connection with forests has consisted in 
^termining the soil factors connected with naturaf rcgoncnition of 
Shorea rofittshi, and the preparation of Forest Floras ; the latter 
ft^ilable for practically ever}* province. Li the mycological 
held, studies have been carried out on various important parasitic 
saprophytic fungi, and a considerable amount of research has 
been devoted to the spike disease of the sandalwood tree. 

, ^ Pore^t Enlomology, a great deal of work has been done on 

the more serious pests of timber trees, notably of Shoroa and teak, 
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many defoliators and on the Insect vectors of the spike disease of 
sandal. 

In Forest Chemistry investigations have been concerned mainly 
with wood preservatives, minor forest products such as drugs, 
essential oils and soils. 

Research on regeneration problems, both natural and artificial, 
has resulted in the development of special types of plantation 
work known as the * Rab* and * Taungya ' methods. These 
methods enable plantation work to be carried out far more success- 
fully than was hitherto the case. Problems in reference to thinning 
of plantations, pruning of lower branches, forest fires and browsing 
in relation to regeneration have also been investigated. 

A great deal of work has been devoted to silvicultural sys* 
terns, preparation of working plans and utilization research, all 
of which show the great advance made in the domain of Indian 
forestry during the past quarter of a century. The reviewer defi- 
nitely attributes a con.sidcrablc proportion of this progress to ‘a 
more scientific outlook in keeping with the trend of the times, as 
rofiected by the provision for systematic research which has taken 
place during the period 

The progress of Engineering in India during the past twenty* 
five years is reviewed by Mr. Ash in two sections 
Engineering introductory -section is 

followed by a description of engineering projects and schemes 
carried out and reference is made to the research work in connection 
with the solution of problems that were encountered in the carrying 
out of such projects, while the next section deals with special 
experimental work, research and investigations in connection with 
various engineering problems. 

The major part of the first section of the review deals with 
irrigation engineering in which class India stands pre-eminent. The 
expenditure on the great irrigation schemes of India has been of a 
colossal nature, but so also have been the benefits which India has 
derived from the^c stupendous enterprises. In connection with 
various schemes is discussed the application of some important 
research work, which has afforded to those responsible for the 
execution of the schemes much valuable guidance regarding the 
lines on which to plan their projects. Special reference m this 
connection may be made to the storage reservoirs and weirs* 
controlled schemes In Bombay and Hladras, the Triple Canals 
Project In the Punjab, the Lloyd Barrage Project in Sind and the 
It\dro.electrie Schemes for utilizing sub-soil water in the United 
Provinr es. In order to study and co-ordinate research work on 
irrig.*ti; u problems of an all-India natures Central Board of Irriga- 
tion W.is constituted in 1925, while a Central Information Bureau 

was esulilished some years later as a result of the recommendations 

of tlo* Koyal Commission on Agriculture in India. The Board is 
now ai not onlv to deal with questions of administrative and 
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technical importance, but to formulate research and I cel mi cal 
schemes, and ‘keep agricultural officers and the i>ublio generally 
in touch with irrigation developments in India and abroad 

The developments which have taken place in connection witli 
the Indian railways are described at some Icngtii. Thu great 
increase in the route mileage and the number of great bridges 
constructed in connection with Jicw railway projects arc indicative 
of the great progress that lias been made in the expansion <if India's 
transport facilities. An extensive amount of research Invs been 
carried out in connection with various railway* problem.^, such os 
the dynamic effects of trains on bridges, pre* stressing girders witli 
the resultant economy in design, electric arc. welding of bridge 
and structural steelwork leaduig to important schemes of bridge 
strengthening, investigations in connection witli the improvement 
of track materials, staudardiziition of locomotives, etc. Steady 
progress had been maintained in mechanical railway cngmeeriDg 
technique during the past twenty -five years, and various Standard- 
ization Committees working in conjunction with the Ctmtrn) 
Standardization Officer of the Railway Board have been able not 
only to bring about improvements in the existing materials, but to 
investigate tho possibilities of fresh materials and now proccssos. 

The great progress in the field of eltctrical engineering is 
reflected by the extensive Hydro-electric projects, which have been 
carried out ; these are and will be of immense importance in develop- 
ing India's resources. 

The period under review has marked considerable expansion in 
the major port) of India, and the sub-section on Ports and Harbours 
contains a succinct account of the developments in the older ports 
and the construction of the two new major ports which have been 
brought Into being during the period under review. All this work 
has involved a great deal of research. In the case of the Hangoon 
Port important investigations in connection with control of the 
Rangoon River have been carried out, while the measures adopted, 
after careful investigations, for saving the Hardinge Bridge over 
the lower Ganges mark an * outstanding feature of River Engineer- 
ing work ’ in India. 

In hr^t building, great advances have boon made in designing, 
construction of sub-structures and piers, the manufacture of bridge 
steel work, etc. 

Experimental work, research and iiwestigations during tho 
penod under review are described under three main heads: (1) 
imgatioQ, (2) marine, and (S) stresses in steel structures. 

In counection with irrigation, detfdled researches have been 
out on measuring porosiUes of soil in situ, soil surveys, rise 
ot the sub-soil water, laws of sub-soil flow under works on per- 
meable foundations, lining and reclamation, fluming, silt in the 
Wnomy of a canal system, river models, etc., and a great deal of 
▼ery valnable data collect^. In connection witb marine work. 
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studies of tidal models for the Port of Rangoon and for Bombay 
Harboxir have greatly elucidated the problems encountered. 
Investigations of littoral drift at Vizagapatam resulting from wave 
action carried out on a large scale model enabled the authorities 
to determine the best a I lament, length, shape and position of 
the breakwater which was constructed for the protection of the 
harbour. 

An instance is quoted of the co-relation, in practice, of the 
results of Professor Hardy Cross’s recent ‘ Column Analogy * 
with those obtained by the application of Pippard and Sparkes’s 
experimental methods, in connection with the design of a heavy 
steel structure. 

In bis review of the progress of Physiology in India during the 
Physiology 1“** twenty-five years (pp. 67&-630), Lt.-Col. 

^ Bhatia indicates the main lines of work carried 

out with a view to giving a general idea of the special fields that are 
being investigated. A great deal of attention has been devoted to 
racial physiology for obtaining normal physiological data regarding 
the inhabitants of the country. Such investigations have been 
carried out In reference to blood and its constituents, basal metabolic 
rate, vital capacity, gastric juice composition, nutrition problems, 
etc. Investigations of this character are of special importance 
from tlie point of Human Physiologi', and the data already collected 
are gradually building up the foundations for a proper under- 
standing of racinl physiology in India. 

Ext<*n.sive investigations have been carried out on the cytology 
and chemistry of blood. Several workers have estimated the 
constituents of blood, such as blood-sugar, cholesterol, b«mo- 
globin and reticulocyte ])ercentages, etc. Biophysics and Bio- 
chemistry of blood have received considerable attention, in particular 
reference to tuberculosis, and investigations have been carried out 
on the haemoglobin percentages of healthy individuals of certain 
parts of the country. Similar research has been devoted to coagula- 
tion and serum calcium content of blood, and the effects of various 
drugs have been investigated. 

Electro- cardiograph ic studies have shown that there is no 
appreciable difference in the various wave amplitudes and time 
ititervals of the normal individuals investigated from the accepted 
Western Standards. Reactions of the heart to drugs have been 
investigated in great detail, and as a result certain definite laws 
govemijig the normal beating of the heart and its behaviour under 
^irtifKial stimulation formulated. ^ 

Investigations on the normal standards of Vital Capacittf <fi 
Indians have shown that the figures obtained are generally lower 
than those accepted as standards for Europeans and Americans. 
The importance of carbon dioxide in the phenomena of circulation 
and the effects of in tra- venous injection of oxygen on circulation 
have been studied. 
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Studies on the resting gastric juice of Indians siiow a lower total 
acidity and a lower percentage of free hydrochloric acid. Kei}eat(j<l 
observations on the saine subject exhibit a marked variation in tin* 
quantity of the juice, bile, free hydrochloric acid and total acidity. 
Work has also been done on variations in the gastric acidity after a 
test meal. Similar studies liave been carried out in refcronco to 
blood'SUgar, respiration rates, blood pressure and other ihctorw, 
Figures for basal metabolic rate in Indians have been found in 
most parts of the countrj' to bo definitely lower as coinpircd with 
those of the inhabitants of temperate climates. Tlic etiological 
factors in diabetes melitus have also been worked out in some 
detail. 

Large numbers of workers have interested thcmsolvea in study- 
log problems relatiiig to diatetics and nutrition. Diet surveys have 
been carried out in several parts of India, and it has been found 
that the lack of certain protective constituents in the diet, such as 
good protein and certain vitamins, specially A. B and D, it* 
responsible for poor bodily nutrition in most cason. Experimental 
work on vitamin deficiency also deserves special mention. The 
problem of glycosuria has attracted much attention, Owing to the 
excessive ingestion of sugar and starch, it lias been found that the 
tolerance for carbohydrates in strict vegetarians is relatively poor. 
The deficiency of Vitamin B has been considered to be responsible 
for macrocytic anemia, while the deficienev of Vitamins A and C 
and excess of calcium in the diet are probably associated with the 
formation of stone in the bladder. 

Important work on the action of acetylcholine and choline 
extrase has been carried out, and from a study of the reactions of 
the heart to various drugs certain laws govemuig the activities of 
the rhythmically active tissues enunciated. Extensive researchcK 
have also been carried out in Physiological Chemistry and valuable 
data collected. 

The efficiency of the kidneys of Indians to concentrate urea 
has been found to be just as high as that of Englishmen, but the 
average percentage of urea in urine appears to be lower. 

In the field of endoertnes, the influence of adrenaline, pituitary 
ertmet and insulin on the movements of the intestine, the action 
of insulin on normal and diabetic hearts, gonadal extracts as 
antidiabetic remedies, etc., have been investigated. Important 
researches have been carried out on the size of the thyroid gland 
And the extent to which it is influenced by ‘ se.x, sexual activity, 
*eMon, sanitary conditions and iodine supply’. The Eetiology of 
goitre has been extensively studied, and considerable evidence 
accumulated to show that it is a water-borne disease. Inter- 
teUtionships of hormones have been studied in some detail, 
been suggested that they are all intimately associated 
^th each other, and that there is an ‘ integration of hormonal 
nmctions by virtue of this mutual interdependence ’. 
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PJiarmacoloQicKil research has developed at a rapid rate since 
the foundation of the School of Tropical Medicine > Calcutta. 
Detailed mvestigatlons have been carried out on the pharmacology 
and toxicology of a large variety of remedies, such as cinchona 
alkaloids, emetine, organic derivatives of antimony, etc., which are 
of special importance to medical practice in India. The pharma* 
cological action of the venoms of Indian snakes and the physio- 
logical and biological properties of blood sera in health and disease 
have been studied and the subject of Drug addiction in India has 
been investigated. Special attention has been paid to indigenous 
drugs, and within recent years work on the biological standardization 
of drugs has also been initiated. 

In the review of the progress of Medical Besearch in India 
during the past twenty- five years contributed 
Upendranath Brabmachari (pp. 631-673) 
a brief account is given of the work carried out 
in connection with the principal diseases prevalent in India, their 
«tiology and treatment by up-to-date methods, in several cases 
evolved as a result of intensive research in the country. In spite 
of various adverse circumstances considerable advances have been 
made, and the contributions to the knowledge of the various factors 
' that affect the health and well-being of the people have not been 


small during the past twenty •five years \ 

As a result of extensive research the knowledge of the aetiology 
of cholera has materially increased. Various types of cholera and 
para-cholera vibrios have been investigated and classified according 
to their agglutinabiiity and chemical structure based on analyses 
of their carbohydrate and protein fractions, etc. Bacteriophage, 
which has been found to play an important role not only in the 
epidemiology of cholera but also in its cure, has receiv^ 
sidtTable amount of attention, and according to their lysabihty 
several types, A-F. are now recognized. The anti -cholera vaccin^ 
originaUy prepared by Haffkine, has been extensively tned, with 
promising results. Epidemiology and periodicity of cholera also 
have received considerable attention. ... . . 

Plague is caused by an epizootic which is parasitic in certain 
species of rats. Plague in rats is a septlc»mia, and is transmitted 
from infected to healthy rats and man by the bites of parwitio 
lleas of rats which become infected by ingesting the blood of their 
host. The role and importance of the different species of rate and 
fleas in the epidemiology of the disease have received considerable 
attention, and factors responsible for the appearance and spread ol 
the disease under various climatic conditions elucidated. Effective 
measures for the destruction of rats have been expenruented upon. 
For the immunization of siisceptibles the vaccine, originally pre- 
pared bv Haffkine, but standardized and greatly improved since, 
lias proved very useful. Latest rcsearclies in this connection have 
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resulted in th<? preparation of a potent anti.plaijuo M'vnnx : tliis, 
however, has not so far been tried extensively in the field. 

The work on malaria during the period under review lias lieen 
devoted to various aspects of its epitloinialogy. entotnological 
aspects, malaria surveys, foreoasts of epideinles. relation tif null an a 
to irrigation, hill malaria, malaria and bonification in delta li' areas, 
etc. For prophylactic work and treatment, (piiniiu* and <»tlier anti- 
malarial preparations have also l)een aiibjeeted to extensive experi- 
mental work. Investigations have l>een carrk*<l out on tlie pro- 
phylaxis of blackwater Jevfr. and our knowledge of the aUiology and 
treatment of the disease has materially advan<*cd. 

During the period of the review much a<lvaiu‘e has been 
made in India in the discovery of the mode of transmission ami 
successful treatment of tcala-azar. The samlfiy, Phlehotomws 
argr.ntipej, has been proved concluKivcIy to be the transmitter of 
the disease. This sandfiy was successfully infect c<l with |>arnsitu 
of kala-azar and though harosters have liecn infected by the 
bites of such sandfiics, ail attempts experiment ally to transmit 
infection from such flies to man have so far been unsu(»<‘essfuL 
Advances have been made in the diagnosis of the diKca.<<c by means 
of liver and spleen punctures, and various s|)ociflc reactions such 
as globulin opacity test, globulin ring test, aldehy<le and urea- 
stibamine tests devised. The treatment of kala-azar by means of 
specially potent therapeutic antimonials discovered in India has 
very materially reducecl the incidence of the disease in certain 
provinces, notably Assam. A peculiar skin lesion namc<l ' Dermal 
Leisbmanoid * has also been the subject of a certain amount of 
research. 

The clinical manifestations and aetiology of epirltmic dropst/ 
have been subjected to extensive research, and various tfieories 
such as the rice, mustard oil and infection-contagion theories have 
been investigated ; but no single theory seems so far sufficient to 
explain the causation of the disease. 

In India two types of infection of filaria^is, caused by two 
distinct species of Filarie, have been found. The exact distribution 
of the two types and their transmission by mosquitoes of the 
genera CuUz and Mansonioides respectively have been fully 
elucidated. Considerable research has also b^n carried out in the 
treatment of the disease ; but no satisfactory results have yet been 
achieved. 


. Our knowledge of leprosy and its treatment has materially 
adviced, and it is hoped that with proper detection and treatment 
of the disease, the time is not far off when this greatly abhorred 
diteasc will be fully controlled, if not entirely stamped out, in 
India. 

A great deal of work has been done on dysentery, typhus, 
^ 1 sandfly fever, dengue and cerebro -spinal fever. Not 

only have the causative agents and various other factors connected 
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with the diseases been investigated In detail, but their treatment 
also has received a great deal of attention. 

Rabies, snake -venoms and anti-venenes have been the subject 
of research at various centres. 

The epidemiology and pathology of tvbercuhsis have been, 
investigated. It has been proved that bovine tubercle bacillus, 
which is responsible for the causation of a fair percentage of pul- 
monary and non -pulmonary tuberctilosis in Europe, is not of much 
importance in this country. Rheumatism and heart disease which, 
according to earlier views, did not occur in India, have been found 
to occur, thougli they are probably not so common as in England. 

Research work in connection with tlie diseases of nutrition 
lias been directed to investigations on the nutritive value of Indian 
food-stutfs, composition of Indian dietaries and their relation to 
health and deficiency diseases, 

Detailed enquiries have been instituted on several drugs used 
in indigenous systems of medicine, and the active principles of a 
number of these Isolated and investigated. 

Finally, Sir Upendranath refers to the very important part 
j>layed by the Indian Research Fund Association in the prosecution 
and advancement of medical research in India ; the various medical 
research institutes have also been responsible for a great deal of 
valuable work. All these agencies, however, are not sufficient for 
the needs of India, and the reviewer puts forward a strong plea for 
the establishment of a properly eiulowed and equipped Federal 
Institution for medical research. 

The progress of Physical Research in India during the past 
twenty- five vears is reviewed (pp. 674-741) by 

Physics of a number of colla- 

l)orators. In tlie review lie frivea a connected account ui^er 12 
main headings of the results achieved in various branches of Physics 

ilurine the short period since the study of Physics m India, has 

Imen organized on proper lines. With the estabhshment of the 
I'nivcrsity College of Science, Calcutta in 1915, and the ^auual 
development of physical laboratories in other universities of India 
i.hvsical studies progressetl at a very rapid pace. Various Govem- 
iiu-iit scientific departments and independent research institutions. 
su.-h ns the Indian Association for the C'ultivat.on of fscience and 
llic Bose Resenreh ln.stifute. Calcutta, the Indian Institute of 
Science. Bangalore, etc., also materially helped in advancing the 

cauHe of Physical Science. , , . 

Important researches in acoustics have been cayied out 

during the i>eriod under review. The theory of ^wed Strips 
vil.mti .,11 in air due to impinging spheres, the position of 
lines in percussion iiustrmuents. etc. have been investigated, 
nudi.ly due to the influence of Sir Venkata Raman s J- 

Ke.soaVch l.ns also been devoted to the art of ^gcr ^ 

liidhin striiigwi instruments, sound control and velocity of sound. 
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In theoreticfti astrophysics, Indian investigaf><iis lutvt? achieved 
great distinction. About the year 15>20-21 Saha published his 
theories of thermal ionization and nvdiation, and worke<l out tlu? 
first successful physical theory of Stellar Spectra. The start so 
happily given to theoretical astrophysics has been cimtinued hy 
•Chandrasekhar, Kothari and Majumdar on problems ctmnectoil 
■with atmospheres of stars, application of Fermi-DIrac statistics 
to elucidation of the internal structure of stars, and to Kothari *s 
theory of pressure of ionization. The jiroblcin of Jtclativistic 
Cosmogony has boon studied in detail by a number of workers. 
The two astronomical laboratories in the country have l>ecn cngngcfl 
in important a strogra phi cal. astronomic and inetcorologicu! invest i* 
gations. 

Researches in Chtmicn! Physics have l>ccii mainly devoted to 
the extension of Franck’s interpretation of absorption spectra of 
alkali halides to other com|)ounds. origin of the colour of inorganic 
salts, absorption spectra and valency of a large number of polyatomic 
molecules and complex salts, band spectra, etc. A general theory 
advanced to explain active nitrogen phenomena has lc<i to a great 
deal of theoretical and experimental work. 

Extensive investigations have been carried out in magneto* 
chemistry, paramagnetism and allied subjects. 

Most spectacular advances have been made in Optics. Detailed 
studies on Di fraction phenomena resulted in the <liscovery of tho 
weU-kuown Baman E^ect, which has not only brought fame to its 
discoverer, Sir Venkata Raman, but gained international recognition 
for Indian Scie nee. Researches i n connect ion wit h t hi s phen o me non 
have been directed to the elucidation and experimental verification 
of the theory, ezpori mental technique, investigations on the chemical 
constitution and structure of the molecules, effect of change of 
state and other physical conditions on the phenomenon and finally 
the origin of modified continuous line spectra which are generally 
observ(^ in the Raman spectra of liquids and solids respectively. 

Much valuable work has been carried out in connection with 
Radio .activity of rocks, hot springs and of the atmosphere, investi- 
gations on a and fi particles, absorption and scattering of -y-rays 

Cosmic and Positive rays. 

Spectroscopy has also attracted a fair number of workers and a 
^ of series spectra have been investigated. The hyper- 

hue structure of spectral lines has also been studied. 

Considerable amount of attention has been devoted to Theo^ 
and in this connection reference may be made to 
fundamental work known as Bose-Einstein Statistics. 

. . research, though started only as late as 192S, has led 

JO the important discovery of D and C ia>"er8 of ionization lower 
the permanent Kennelly- Heaviside layer. Studies on the 
uospheres are now beit^ carried out at a number of centres, 
particularly at Calcutta and at Allahabad. 
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A fair amount of work lias been carried out on X-Rays in 
reference to diffraction, analyses of ot^anic crystals, etc., while 
theoretical studies have led to important conclusions. 

In Jleteorology very valuable results have been achiev’ed in 
connection with daily weather and seassonal forecasting. Special 
techniques have been evolved for the investigation of the Upper 
Air, and research has been carried out on the structure and move- 
ments of tropical storms, depressions, etc., in the Indian seas. 
Radiative an<l connective pnicessos in the atmosphere have also 
been investiguteil. 

In the review of the progress of Botanical Research (pp. 742- 
767), Professor Aglmrkar deals with the work 
® carried out during the years 1610 to 1935. Prior 

to this period the botanical work in India consisted chiefly of 
systematic, geographical or economic studies carried out by four 
provinciiil Botanical departments. An All-India Botanical Survey 
of India was founded in 1H99 to co-ordinate the work of these 
department.s and to survey the outlying little known areas. A few 
botanists had been employed from time to time in some of the 
colleges, but in general the facilities for the teaching of Botany 
and more particularly for research in the subject were strictly 
i mi ted. According to the reviewer, the conditions have changed 
very materially during the period under review, ‘due to tho 
establishment of teaching and research departments in the univer- 
sities and colleges mainly during the post-war period . 

Recent morphological work in India has not been confined to 
mere records of abnormalities and variations from the norma! 
structure, studie.s on the floral biology, methods of pollination, 
fruit dispersal, etc., but has also l>een directed to investigations 
on the internal anatomy, life- hi stories and embryology of different 
plant a. S|M*cial reference in this connection may be made to the 
work on the physiological anatomy of the plants of Indian deserts, 
halopytcs and climbing plants. Embry ological studies have 
been directed towartls the elucidation of the development of ovules, 
cmbryo-siics, etc,, and the life- hi at cries of plants of various families. 

Teratologies I work has consisted in the descriptions of abnor- 
malities of various Phaneorgams, and studies of plant galls. 

Phvsiological research has l>een actively pursued. The late 
Sir Jag di.s Bose and his collaborators laid great stress on the 
vilull.stic activities of the life -processes of plants, but this view* 
lias not been supported bv other workers, particularly in so far 
as tfio absorption and ascent of sap is concerned. Researches 
liavc also lR‘en carried out on the nature of protoplasm, absorption 
of Ions by plants from cultures, kinetics of photosynthesis, plant- 
ructal)oli<m, nitrification of soils, etc. 

Our knowledge of Indian Algas though far from comple^, 
lias Ik*cu greatly added to by work <lone <lunng the pen<w. il'® 
sam^ mav Ix^ suid to U* the case with Fungi. In spite of a grea • 
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deal of systematic work, Butler and Bisby osiimatod llial prol)al»ly 
not more than about 10% of the In<iirn Fnugi lia<! bfon 
recorded up to 1931. 

Inference may here be made to the very important work 
on the annual recurrence of cereal mats in the plains of India, 
which is now believed to be * due to windblowm uro<los|)oivs dis- 
seminated from tKe hills w'here they over-summer \ This view, 
if confirmed, would make it possible to control tlies«* rusts in India 
more easily than in other countries. 

The systematics of Indian Lichens, Livcnvorls nn<l Mosses 
have attracted » fair number of workers, anti as a ivsuli these 
forms are comparatively much belter known. 

Thanks to the work of early pioneers like Bcddomc. Clarke 
and others, our knowledge of the Indian Pheridophyla is also 
comparatively speaking much more complete. During the period 
under review advances have lieen made in regard to the description 
of new species and their dial libut ion in various areas, wliile several 
authors have studied the anatomy and life -hi stories of some stn* t ies. 
The study of this group in general is. however, greatly liam|)crcd 
by the absence of proper facilities for the c*ultivatiou of tliese 
plants in the botanical gardens. 

Considerable progress has been made in our knowledge of the 
•ife-history and distribution, both present and past, of the Indian 
Angiosperms : similarly studies on the morphology, anatomy, 
embryology, physiology, ecology and distribution of the Indian 
flowering plants have made a fair headway. 

Most important advances have been made in Palacobotany, 
in which the results obtained are already being einiiloyed for the 
determination of the age of some of the geological formations, 
such as the Deccan Trap. 

Great attention has also licen )>aid to studies in Applied Botany, 
and valuable results have already been achieved in reference to 
Forest and Agricultural Botany, while our knowledge of the indi- 
genous medicinal plants has materially increased within I'ecent years. 

Considerable amount of work has been carried out on Plant 
Geography, and a great deal of valuable information is now* available 
regarding the distribution, relations and ecology of the plants of 
different parts of India. 

In conclusion the reviewer refers to the urgent need for a 
peoperly constituted National Herbarium, and greater attention 
being paid to ecological and pharmacognosic .stmlies. 

V. CoHCLOorvo Remarks. 

Professor Thomas ^ sums up the glorious past of the Educational 
System o f ancient India as : ‘ Education is no exotic in India. There 

' Tbomaa, F. W .— Hintortf and Pra»ptct9 of Education in 

p. I (London, 1891). 
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is no coimtry where the love of leanuug had so early an origin or 
has exercised so lasting and powerful an influence Reference 
lias already been made to the fact that from about the close of the 
I2tli to the middle of the 19th century there was a long interval of 
intellectual stagnation in the country, but with settled conditions 
of life and Government and the provision of facilities for education 
the position changed mater la Uy. During the latter half of the 19th 
century there was a slow* but steady progress of Western education, 
while in the first decatle and a half of the 20th century higher 
education, particularly, advanced at a very rapid rate. Scientific 
education also, in which a start had b^n made in the latter 
half of the previous century, gradually began to assume its 
proper jiosition in the educational system. The Government 
Scientific Departments and research institutions were organized 
on a more extensive basis, and a number of scientific societies, 
culminating in the foundation of the Indian Science Congress in 
1914, were started. The World War. though it slowed down the 
progre.ss. brought to the fore the importance of scientific education, 
and research, and there was a great advance in the organizations 
for scientific education and research in the years immediately 
following it. The scientific and research departments of the Central 
and ProvinciHl Governments were greatly enlarged and several 
special research institutions were founded. Most of the universities 
instituted courses for advanced studies and special Honours courses 
in scientific subjects, and by new appointments, extensiona of 
libraries and laboratories materially advanced the cause of original 
research. Public support for the pursuit of science was rather 
limited, but a few important endowments resulted in the establish- 
ment of a number of scientific organizations both for teaching and 
research. Even with the rather limited facilities, the Indian students 
of science liave <luring the short period of a quarter of a century 
justified thoir caiwcity for original investigations, and in the words 
of the late Lord Rutherford ‘India is now taking an honourable 
part and an ever-increasing share in the advance of knowledge in 
pure science Reference may here be made to the great services 
roiulcrcd by the Indian Science Congress Association to the cause of 
Science in India by affording a common meeting ground for the 
discu.^sion of scientific problems and by bringing to the notice of the 
(tOv eminent and the public the importance of science and scientific 
research for national advancement. 

In his presidential address* to the Jubilee Session of the 
Indian Science Congress the late Lord Rutherford summed up 
the situation as regards scientific education in India as follow.s : — 


I Presidential Address of the late Prof- llie Rt. Hon. Lord Rutherford 
of Nelson for the Twenty -fifth Indian Science Congress Silver Jubilee Session. 
Calcutta. 1038 (received after his death). Published by the Royal Asiatic 
Society of Bcncsl* 
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‘the universities of India have in later years made suhstantloi 
progress both in teaching and researeh in sciemi*, yef it must be 
borne in mind that still greater responsibilities arc likely t<i fall on 
them in the near future. Tliis is in a sense a scientific u"c wlicrc 
there is an ever -increasing recognition throughout the worUl of the 

importance of science to national development It is natural 

to look to the universities and technical institutions for the w loot ion 
and training of the scientific men required for this developineiil. 
In India, as in many other countries, there is likely tcj be a greater 
demand in the near future for well traine<l scientific men. With 
the growth of responsible government in India, it is to be anticipated 
that the staff required for the scientific services in India and for 
industrial research will more and more be drawn troiu students 
trained in the Indian universities'. These men will be tjie futur<‘ 
leaders of research both In the Universities and in the scientific 
research organizations, and for their proper training it we ms essential 
that the defects in the present-day system of education should he 
remedied at as early a date as possible. If the re sc arc) i work is 
to be of real and lasting value, it must be carried cut in the interest 
of the country as a whole and not of any particular pmvince or area. 
This necessitates careful planning an<l co-ordination of various 
schemes for research in all branches of science, whether pure or op* 
plied. In formulating the future policy. India should profit by the 
experience of Canada and Au.stralia where the working of the scien- 
tific departments of the State or Provincial Governments vh-a-viti 
those of the Central or Federal (tovernraeut has shown * that tin* 
research organizations of the country should be truly national and 
responsible to the Federal Government alone. Fven in an Kinpiry.* 
the size of India, where the resources and needs of various provinces 
are widely different, it would seem tliat centralized organization of 
research is the only way of avoiding waste of money and effort. 
The detailed planning of research must be in the hands of tliosc with 
the necessary specialized knowledge, and they must be able to act 
without suspicion of political or racial influence ’ ^ 

A review of the past and present conditions affecting the pro- 
gress of Science in India clearly shows t hat for a proper and efficient 
performance of the functions of scientists, as outlined in the above 
quotation, the constitution of an independent body of jiroperly 
qualified and experienced men is essential. In other words, a plea 
IS made for the foundation in India of a National Research Council 
on the lines of the body which ever since its constitution has been 
rendering such useful service in Great Britain. The functions of this 
Council should not only include the defining of scientific policy but 
also act as an expert advisory body for planning and co- 
ordinating all scientific research in the country. The planning of 
scientific policy and co-ordination of research slvould be so arranged 
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as to preclude duplication and avoid wastage of talent and available 
funds, but without restricting the normal work of the universities, 
scientific departments and institutions, or in any way curbing in- 
dividual initiative which is so essential for high class research. Such 
an authoritative body should also be able to help in bringing about 
the necessary reforms in the existing system of scientific education. 
In order to ensure that the work of the C5ouncil is not hindered by 
any extraneous circumstances and that the steady progress of 
scientific work, so essential in the cause of the advancement of the 
country, is maintained, it should be liberally endowed by the Central 
and Provincial Governments and by the public so as ^ be indepen- 
dent of annual appropriations for the carrying out of its programme 
of work. The above functions are somewhat similar to the objects of 
the National Institute of Sciences of India founded at CalcutU in 
1935, and probably the existing machinery of the National Institute 
could easily be transformed to take on the functions of the pro- 
posed National Research Council of India. 
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1. Secondary School Sbctiom. 

Scientific Education in this country is very far from being 
satisfactory. This is not surprising w])en one remembers that it 
is only during the last 25 years or so that even in the West, whore 
organized education has developed very much more fully than 
here, reasonable attention has been paid to the claims of the Sciences 
for inclusion in the normal educational scheme. Traditions die 
hard, and even in the most advanced countries there are many 
people who regard the inclusion of technical and scientific education 
in the school and college curriculum as unfortunate. To such 
minds education connotes merely the acquisition of a knowledge 
of the classics so as to produce that indefinable asset known as 
^tuie. To make their case strong these people define culture 
m thoir own terms. It was only because of the rapid progress in 
industrial and technical developments that authorities in the West 
were com^led to realize the utilitarian value of education and 
the necessity for adequate preparation on technical and scientific 
lines in educational institutions. In the first place, very few 
pwple pleaded for the introduction of science for its own sake, and 
the cndtural values that should be attached to satisfactory scientific 
teaching were regarded as non-existent. These values are now of 
f®<^gQizod, but in the early days it was the commercial and 
mdustrial demands for a more efficient preparation that persuaded 
•authorities to provide more adequately for scientific education in 
whools and colleges. This factor, namely the demand arising from 
^Tk* technical needs of the country for an education 

luch fitted people for their practical work in adult life, has been 
^ largely absent in India. 


( f ) 
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Tlie development of facilities for instruction in the sciences in 
Schools and Colleges in this country has come as much from an 
imitation of the West as from any natural development arising 
out of the country's own needs. It is true, of course, that 
especially during recent years the backwardness of India’s in- 
dustrial development and the increasing demand for more out- 
lets for the unemployed have resulted in greater attention being 
paid to scientific studies. Conser\-atism is however still extremely 
strong- It is not yet realized that even from the point of view 
of pure educational idealism science provides as efficient a means 
of ensuring satisfactory cultural and educational development 
as do the older classical subjects. The failure to realize the 
educational importance of scientific study is evidenced by the 
fact that as far as schools are concerned, with a few exceptions, 
scientific e<lucation is either altogether non-existent or at a very 
low stage of efficiency. It is necessary, if one wishes to understand 
the correct place of scientific studies in any educational institution, 
to draw a sharp distinction between scientific education and tbo 
imparting of scientific knowledge. The one implies the training of 
the intelligence and an appreciation of the laws which are at work 
in the natural world. It gives an understanding of the material 
forces and the material world, and should create an interest not 
only in the external w'orld with which the pure sciences are usually 
concented but also in the reaction of that world upon human life 
and human behaviour. Scientific education can be so developed 
and so organized as to be directed towanU the development of 
understanding rather than to an accumulation of facts. In so 
far as it pro\ides the mind with a background of knowledge and 
an understanding of scientific laws winch remain with an individual 
throughout life stimulating his interest in the world around him, 
and enabling him to comprehend liehaviour material and human, 
such an education baa more cultural value tlian any acquaintance 
•with the dead languages of a for*ever*departed past, how'ever 
intimate that acquaintance may l>c. On the other hand, scientific 
education can be, and is, unfortunately, very frequently the mere 
imparting of knowledge and technique which has a direct applica- 
tion to certain practical aspects of industrial and commercial 
developments. This, of course, is of value, but is an aspect of 
cdiuation which has very little appeal for the conservative minded 
educationist. 

It is now generally acknowledged that any education which 
fails to develop understanding and intelligence and mei'ely consists 
of the acquisition of a knowleclge of facts is sterile. It may 
and <locs have its place in technical institutions and those edu- 
cational schemes wluch arc a direct prepamtioti for employment. 
Its place in the general educational scheme which should be applied 
to most immature minds is difficult to justify. To those who have 
given much thought to the subject the teaching of science will 
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probably be regarded as having a dual function. It in, if |>r(»j)erly 
given, a natural ctiltural educational asset, and at the same time it 
gives the foundation upon which a satisfactory ))rnrtical nrliemo of 
life can be built. It is the first, and I think the more fundamentally 
important aspect of scientific training that really matters in schools. 
If science is to have any value other than a purely utilitarian one, 
if it is to give a deeper understanding of the forces of nature at 
work in the world around us, if it is to create a more pleasurable 
interest in the surrounding world — human and innteria) — then it 
is essential that it should not only form an integral part of any 
educational scheme developed subsequent to the ncquisition of 
powers to read and write, but that it should be taught wllli these 
objects in view. It lias now been geneniUy racognizod in the West 
that even for the students who intend w'hcn they proceed to the 
Universities to follow a classical or other non»Hcientific course, 
school education must include teaching upon the general principles 
of science as they find expression in an elementary knowletlge of 
such subjects as Physics, Chemistry, Biology, Botany, Phyniology. 
Astrouoai 3 ^ etc. Consequently in contemplating any extension or 
reformation of the scientific education In India, wliile one is appalled 
at the magnitude of the problem of introducing satisfactory scientific 
teacldng in pre^University education, one must face tho fact that 
unless this problem is solved, not onl^' uilt any niatorial improvement 
of University standartU be impracticable but the general educational 
scheme must remain unsatisfactory*. At tho present moment 
many — probably the majority— of our Science Gra<luates, while 
they may have certain scientific knowledge have very little sclent ifi<* 
training. The timo which they devote to their subjects in the 
Universities is insufficient to allow them to receive any otfier type 
of education save that of assimilating as much knowledge as possible, 
chiefly by momory work. In dealing with this problem — Scientific 
Education in India — 1 propose, therefore, first of all to deal witli 
the problem of Scientific Education in the Middle and High 
Schools, 

The history of Scientific Education in Schools in India is 
Scientific Educa- largely a record of unfulfilled hopes, 

tion in Schools Because of the fact that education hae for many 
3 *ears now been almost entirely* a Provincial 
responsibility, the facilities provided in schools differ, and differ 
eoornwusly, in the various provinces. Some of the provinces 
have for many years been aware of the neeeasitv for making pro- 
vision for scientific education in all types of scliools. On paper 
much has been done. In practice, with one or two notable excep. 
tions, very little has been achieved. ^ 

.. the C/mVed Provinces, Elementary Science, in some form or 
other, h^ been taught in schools for a period of nearly 4() years 
back as 1910 not only theoretical science biit practical 
classes also found a place in the curriculum. Middle Schools had 
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classes for nature study, as well as elementary science, while even 
in the Primary Schools certain simple observational lessons were 
given. Unfortunately the provision of these facilities, because of 
the fact that the subjects were optional ones, did not lead to a wide 
extension of scientific teaching to many students. When, in 
1922, a Board of Intermediate Education was formed in accordance 
with the recommendation of the Simon Commission on Reforms, 
while Science teaching was left as a theoretical subject, the practical 
examinations were abolished. The reason given was lack of funds. 
At the present moment in that province theoretical science courses 
exist, and as soon as funds are available practical examinations 
will be restarted. A general science course as distinct from the 
Physics, Chemistry and other special subject courses has been 
introduced. No schools are recognized for science teaching unless 
there is laboratory provision for practical work as well as class* 
room arrangements for theoretical teaching. That a certain 
measure of success has attended the effort of introducing science 
teaching, is evidenced by the fact that of the candidates taking 
the final school examination, equivalent to Matriculation, no less 
than 2o% take a science subject. 

In Bombaj/^ prior to 1913, Nature Study— Mechanics, Astronomy 
and Chemistry were taught in schools as purely theoretical subjects. 
In that 5 ’ear practical work was introduced. Even now, however, 
while provision is made in certain .schools for the teaching of 
Physics, Chemistry, Phj'siology and Hygiene throughout the 
School cour.se. from Class I to Class VII. these subjects are not 
examination subjects, with the inevitable result that satisfactory 
progress ha.s not been made. In 1925 the taking of one science 
subject was made compulsory in the ^ilatriculation. 

The story is somewhat similar in other province.s. The most 
progressive appears to be the Punjab where, not content with 
following somewhat slavishly the system that has been found 
successful in Western countries, the authorities have set out to 
solve the problem of adjusting the scientific education given in 
schools to the needs of the ordinary rural student whose life must in 
all probability be spent in rural surroundings. In the Punjab, 
coddle Schools have a far more important place in the educational 
.scheme than is usually the case in India, and it is not surprising to 
find that as these schools have for many years been developed as 
institutions meeting very largely the needs of the village hoys and 
girls, the science teaching has hsen designed as a rural science, and 
the syllabus has been adopted to create interest in, and give know- 
ledge about such points of the pure sciences as affect the agricultural 
practices. In High School Education, science teaching is still an 
optional subject for Matriculation and it has not been assimilated 
to a very marked extent in the ordinary school activities. 

Bengal is far behind the other provinces. So far the Matricula- 
tion Examination has, in practice, not included any scientific sub- 
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iects The only education that can in any sense be callc<l scientific 
is that which has been given in the ver>' few schools which have 
adopted as an alternative to Matriculation what is known us the 
‘B’ Course. This Course is a socially devised one, leading m 
general to adioission to an Engineering Sch<»l or College. It 
Sicludes certain teaching in Mechanics and Physics, but the work i8 
of an elementerj' nature and far from satisfactorily carried out. 
To all intents and purposes it has no appreciable effect upon the 
general work of the few schools in which it is carried out. There in 
no Science teaching worth the name in any of the ordinary Bimgul 
High Schools. 

The result is that when students enter the University and 
start on a science course, they have to begin with the mo.st 
elementary portions of their subject. There is no time for any 
teacliiiig of scientific principles and the whole Univerdty course is 
a race against time in order to go tlxrough the syllabus which 
on paper is not far different from that followed in the West. 
Contrast this state of affairs with that which exists in other lands. 
As a rule a student who is to undertake a science course at the 
University receives scientific education including, in addition to 
his special subject8> general observational lesson.s and general 
science teaching. This scientific education begins at an early age 
and gradually more importance is attached to tlie Kubjects in 
which the student is to specialize. He receives both theoretical and 
practical training in at least two. sometime?* three science subject a, 
In addition, be is generally conversant with matters of scientific 
interest because of the contacts with various scientific problems in 
his home and leisure time. He is taught by a man. generally 
specially trained, whose idea is first and last to make his pupil 
understand the subject as well as to get through an examination. 
By the time he enters the University he hua not only assimilated 
a valuable knowledge of principles and facts but also — unless he 
has been extremely unlucky ^has acquired a reasonably thorough 
understanding of the principles and laws o|>eniting in the ])hyaical 
world. Such prelimbiary tmining is entirely absent in Bengal 
and in most of the other provinces. Even where facilities liave been 
provided there have been two factors at work which have prevented 
any real development of satisfactory teaching or wide-spread 
expansion of facilities. The first of these is that until quite re<*ently 
few Indian examinations included as compulsory any science subject. 
The second is the inability of the authorities to provide the funds 
required for the necessary equipment. The first of these, namely 
the fact that science has been an optional subject within the curri- 
culum would he an important factor in any country. 

In India, where Examinations are worse t\Taiit8 than else- 
where. they have been fatal to prepress. As ail educational institu- 
tions have in general unsatisfactorily prepared material upon which 
to work, their energies and activities are necessarily very largely 
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concentrated upon doing the necessary' and compulsory work in 
connection Tvith these examinations. Fortunately there are signs 
that this condition of affairs is changing. 

In the United Province it is compulsory now for all 
Matriculation candidates to take one science subject. In BengcU, 
in the future, science teaching will be compulsory in a)] the high 
.schools and one elementary paper will have to be taken in the 
Matriculation. Whether this will be effective in creating a deeper 
interest in scientific studies, and, more important still, of giving a 
better foundation upon which the Universities can build more 
satisfactorily than has so far been possible, is a matter about which 
one may justifiably have doubts. It is easy by a resolution to 
decide that a changed condition of affairs shall come into existence. 
It is a very different matter to ensure that the changed condition 
of affairs will be the desired one, when en.suring such changes means 
finding more money, and providing equipment and facilities. In 
Bengal, for example, the majority of the schools live from hand to 
mouth. Their fiiuinces are in a deplorable condition. Teachers are 
i]]*paid, there are no reserve Umds to meet emergencies and there 
is little possibility of providing reasonable facilities for effective 
teaching. From where are tliese schools to get tho funds to build 
and equip a laboratory and pay trained science teachers I There 
is a danger that the introduction of this course in elementary general 
science will, in practice, develop into a sterile knowledge of useless 
fact.s contained in certain books. That is not scientific education. 
In order to avoid failure two things are necessary. A wide apprecia. 
tion of tlio danger, and the provision from some source or other of 
more funds. The condition of affairs in Bengal is, I believe, worse 
than that in other provlm*es chiefly because of the fact tliat the 
financial comlitions of the schools here are worse tlian elsewhere. 
Nevertlielcss this problem of finance has to be faced by every 
province. Without exeeptiou the authorities In tlie different 
provinces have stated that the greatest obstacle to progress is 
lack of funds. Adilitional financial re.sources must be made avail* 
able. It IS of no use deluding oneself with the idea that effective 
scientific education can l)e introduced siitisfnctorily without addi* 
tional expenses }K*ing incurred. It is not nccessjiry of course to 
build palatial laboratories and im|K)rt ex|)ensivc foreign made 
apparatus, btit it is essential to have some kind of labonUory and 
to liave some appiiratus. It is unfortunately a fact, therefore, 
that this question of satisfactory scientific education in the schools 
is largely a financial problem. It is one of the problems that will 
have to be .solved. It is not impossible of solution, as it has been 
solved in other lands. It probably means concentrating upon larger 
and well-equipped high schools rather than relying upon a greater 
number of i Unequipped institutions more widely distributed. That 
is a controversial subject Into which I do not wish to digress here. 
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*" prob.™ co„c,„„l .i,.h «l„o. 

Another is that of the nature of 

Curriculum of education. Not many years ago seientitir 

scientific Studies meant a fundament.a kn(nvl<'<lge of 

Mechanics Plwsios, Chemistry and ocoasioiially also Hotuny. 
^heSs'bee^fa rapid and widespread change in the ••on-pt-n 
of desirable scientific teaching. In the West not onlj 
elements of Physics and Chemistry now taught but Botany , Bio ogy, 
Physiology, Zdolc^y. etc. find their places. They are not taught us 
serrate social Objects and the knowledge given is general rather 
th^ specUlijed. The idea that is being increa.singly adopted is 
to interpret all teaching In terms of actual expcneixj^ and condi. 
tions of life. Consequently the problems which a boy natiiruily 
meets in his ordinary life and lus natural curiosity about pheno- 
mena that come withia his observation now come within the scope 
of his school education. They form the natural starting iwint 
for a child's scientific education. It is true of course that it is 
desirable and necessary to deal with the few scientific pnnciple.s tliat 
find expression in various natural phenomena, but more and more 
the somewhat drv text-book teaching of the ordinary cxninnuvtiou 
syllabus of Physics and Chemistry commonly found 20 years ago 
is givbig way to schemes which attempt to make scientific tea oiling 
an expression and unilerstanding of natural experiences in life. 
As a result, general science courses are given as compulsory teach- 
ing to all students and more detailed teaching in special subjects is 
given, in adxUtion, to those students who desire a more compre- 
hensive scientific training as preliminary either to University 
atudies or a technical application of their scientific knowledge to 
industry. It is both a natural and desirable development, It is 
ail acknowledgment that education must deal with life’s problcuuA 
rather than be a mere intellectual exercise with an abstract and 
departed culture. Tins trend is wisely being followed in India, but 
we have a great distance to go before we see in our schools condi- 
tions which make this ideal attaiiiable. Eventually, we must 
firstly have an elementary scientific training and knowledge given 
to all students, and secondly sound fundamental teaching in special- 
ized branches. One point should be emphasized. It is tliat such 
teaching demands a better and more highly trained teacher than 
does the old type of teaching. General science or special science 
if taught by a person who either does not uiiderst>and his subject 
or, if he does, is incapable of transmitting that understanding to 
others, so fat from being a valuable asset in school trainii^ would 
be a definitely undesirable development. 


lil PRATAP OOLLatils 
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So far the question of the training of science teachers for work 
Training of Secondary Schools has not been taken parti- 
Science Teachers seriously. There are signs that the 

necessity for it is realized . In BttiqaX siiort -term 
training courses for science teachers are at the present moment 
being held, and it is intended to hold them more frequently in the 
future. With the introduction of compulsory science teaching in 
schools it is probable that the emphasis which is laid on the training 
of science teachers in the ordinary training college courses will 
be increased. In the United Provinces the training colleges already 
give specialized courses of training for science teachers. In Bihar 
provision is made for a special training in the training colleges for 
those teachers who wish to teach science. In the Punjab special 
courses in science teaching are included in the Training College 
at Lahore. So also in the other provinces. There are thus signs 
that the individual authorities are aware of the urgency of the 
problem, and it is hoped that there may soon exist in India a 
reasonably large body of we II -qualified science teachers whose work 
in the schools ^vill begin to have an appreciable effect upon the 
scientific training given to the boys. My own experience is, 
however, that the ordinary science graduate has such an insecure 
foundation of scientific knowledge ujwn which to build tliat it is 
difficult, if not impos.sible, to make him an efficient teacher of young 
boys and girls. He himself has usually never been taught the 
subject as a science and, of course, in the very short time at the 
disposal of the training authorities it is not possible to deal with 
a ny t h i n g sa ve t he met hods of teaching . A re-t e a oh i ng of t h e su b j ect 
matter to the student teacher is impossible. Thus wliilc much 
have been done theoretically In the past in attempting to introduce 
science teaching into our schools, the progress achieved has not been 
satisfactory. The conditions to be fulfilled before there can, in the 
future, be any real progress involves such radical changes of the 
present contiition of affair.s that any rapid growtli towards a better 
state of things is improbable. It is possible that, ns practically the 
whole of my persoiuil experience has been in one of the provinces 
where admittedly least has l>cen done, I hold an unduly iH'ssimistic 
view of the future. A |x»rusal of the rejwrts that have been .sent 
to me from tlie other province.-^, while they indicate that there arc 
isolated examples of real achievement, reveal in general a depre.^sing 
condition of affair.-^. In Burma since 1920, in both Vernacular 
and Englisli High Schools, the teaching of Physics an<l Chemistry 
has been included in the curriculum- Since 1932 general science 
has been included in the Vernacular Schools curriculum. Teaching 
is optional at present. In only 10 schools has tlie teaching of 
Pliysics and Chemistry been intrcalitced, while general science has 
been iiitroduc<*d in certain schools. Eleven \'emacular schools 
teach science, but a recent survey reveals the fact that no such 
school has any equipmeuf worth the name. The enquiry revealed 
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that in the Vernacular schools the teaching merely consisted of 
text-book exercises. Certain provinces formerly had Jiisjicctors ol 
science teaching. Their work was reported to l>o good ancl stimuint • 
ine. Now I believe that in all such provinces as a matter of rcirciich. 
ment these posts have been abolislied. While the Iitspectors were 
there they managed to keep up a reasonable standard of teaching 
in the schools they visited. Since their abolition the general report 
is that it yv\\\ not be possible to maintain the advance in .scientific 
education that might otherwise have resulted. Everywhere, 
therefore, the position seems to be that while the anlhoritie.'^ are 
beginning t-o recognize the educational as well as the scientific 
value of providing better facilities for science teaching tiian are 
available at present, there are no signs that the necessary money 
for implementing that desire will be forthcoming, nor is it certain 
that if the money i$ available there \nll be the necessary inclination 
and determination to see that it i$ not alienated in other directions. 

One useful function that the Indian Science Congress Association 
might perforin is that of devi.sing for schools in 
India a suitable course of in.struetion in scientific 

n-<eful action 


Committee of 
i.S.C. for tug* 
getdog Science 
Curricula for 
Schools 


subjects. It would. I linnk, be a 
if the Education Section' were to appoint a 
committee consisting of at least one expert 
in each of the leading hrauches of science 
together with 3 or 4 of its trained educationists to .study the schemes 
that have been brought into e.xistence in the various provinces and 
to lay down certain principles which would !» of help to the diflcrcnt 
authorities when they are developing their plans in the fntnn*. 
It would, I think, for example, be wise if the Punjal) scheme.^ for 
rural Middle Schools or schemes devised upon the same lines were 
adopted throughout the country, and if desirable schemes for town 
M.E. Schools and High Schools were also devised. The report 
from such a Committee could with advantage be in two parts, one 
dealing with the general scientific e<lucatioii which it is desirable 
for ever)' student to undertake, and the otlier dealing with the 
more detailed scientific education necessary for t hose students wlio 
desire to specialize. 

I have so far stressed mainly the desirability of reasonable 
Scientific T in education in our schools from tlic point 

log in Schools * view of education itself. Another aspect, 
which is also of very great im|)ortauce. is that 
^til the students entering the Universities have had a far more 
thorough and satisfactory foundation training in the scientific 
principles and in the elementary branches of the individual subjects 
it will be impossible for the Universities to achieve reason a bl\’ 
good results and proWde teaebing that is really of the University 
standard. The Universities have in the past done their be.st in 
what has been an almost hopeless task. In this task they have 
achieved results which, considering all the circuiustancos. are 

present there is no separate Education Section of the Indian 
Sewnoe Congieas.^^diior.) 
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remarkable. It is a tribute to the mental powers of many University 
students that they have been able, with such unsatisfactory pre« 
I i mi nary training, to achieve such high standards of knowledge and 
have been able to rank themselves with the leading students of the 
world, As all who have dealt with University students know, 
however, tliat such students are in the muiority and the average 
undergraduate, ill- prepared during his school days for a scientific 
traitiing. is so handicapped, that it is impossible satisfactorily to 
train him in scientific principles. It is these average graduates 
who determine the standards attained and the syllabus of studies 
pursued. 

Many students in Germany and other Western coimtries are 
Age Limit better scientists when they enter a University 

* than many of the graduates here when they 

leave, This is the result of different scientific teaching over a 
period of many years in well *6 quipped schools. There ie one other 
factor that leads to unsatisfactory work >vithin our Universities and 
that is a factor that affects all University teaching. The age 
of admis.don to the Universities is gradually decreasing. The 
Matriculation or equivalent examinations are such that able 
students can pass them at the age of lo, or even earlier. This is 
so also in England, but whereas in India students seldom, if ever, 
stay on at .school after taking the Matriculation it is not uncommon 
in England for students to remain on at school for a period of two 
years bcyon<l that Examination. Universities in England will not, 
as a rule, admit student.s until they are approaching their eighteenth 
year. It is otherwise in India, with the inevitable result, that as 
quite apart from the question of efficiency of school teaching — the 
actual time during which a student Is lK»ing prepared for a mature 
University course is nearly two years longer, even for the 
ahlc.^t sitjclcnts, in the West than it is here. Under such circum- 
stances. University work hm* must of necessity be far less satisfac- 
tory tlian juitfht otherwise l)e the case. This problem of allowing 
>tudcrits to embark ujMm a University course at an unduly early 
age is far more imix>rtant than would be inferred by the alacrity 
witfi wlihli Universities have in general removed restrictions a.s to 
age a<lmis.sion. The age limits in examinations held for admission 
to the Public Services are |>artially responsible for thU. Those 
tH-sponsible for University stumlards and University prestige might 
<io worse than inve.stigate this pn>blem to see if it is not |)ossiblc 
to restore tlie conditions which make Universities training organiza- 
tions for more mature minds than is often the case at present ni 
India. 

II. College Edvcxtion. 

Tlic < quantitative expansion of s<-ientific education within the 
various colleges in India has been remarkable. A quarter ol a 
century ago few facilities existed and science students were a ranty 
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Progr«8s ol B Sc. Examination. The uumlwr 20 yearn later 
Sdentifle Edoca- 3^3 ^his is typical of the progresn in 

other provinces. Unfortunately it cannot be 

said that there has been a correspondingb^^ra pal improvement in the 

Stv of the work done in the or<linary B.Sc Examinations, The 
oritolry students are handicapped by the inadequacy of ^ ' 

SiJty preparation. In addition the rapid mcreusc in 

of studenKSecesaitating something very Luai e.i 

inevitably meant that little improvemont in the 
could he ensured. The ordinary science graduate is 
factorily prepared either for any practical application of his 
knowleLe orfor an immediate proceeding to research in 
Fortunately the institution of Honours courses has resulted m the 
provision of more adequate facilities and satisfactory teaching for 
?he better students. Here again, however, in certain Umvers les 
lack of funds has precluded the provision of reulli’ satisfactor.i 
faciUties, even for these students. When Honour.s courses were 
first started in the older Universities in India, students wlio ^ok 
these courses were required to attend the same lectures as Pass 
students. They had, in addition, to atteml advanced lectures in 
various branches of their subjects. As the time table of 
ordinary Pass students was inevitably a crowtled one. leaviiifi little 
leisure for additional work, the result was tliiit the standard attain- 
able by Honours students was very much lower than it miglit other- 
wise have been. When the newer Universities were foniicd, tin- 
handicap inherent in such an arrangement was recognised, and in 
certain Universities^ for exnmple Dacca and Alla ha bud, Honours 
teacliing was entirely separated from Pass teaching. Moreover 
the Honours course was made a three \'ear» course instead of tin* 
normal two years, post-intermediate one. required from Pass 
students. As far as work was concerned this systom has pro veil an 
undeniable success. On the average. Honours Htiulcnt* arc of a 
higher mental calibre than Pass students and the fact that they 
Are taught in their special subjects in small classes for a continuous 
period of 3 years means that rapid progress to an advanced stage Is 
possible. As a compensation for lUing required to spend 3 years 
in obtaining their Honours Degree such students are ailou'cd to 
take their M.Sc. Degree after one year’s furtfier study. Thus 
whether a student takes a Pass Degree or an Honours Degree tlie 
post- Intermediate study required before taking the M.Sc. Degree 
is the same. 

Prom the academic point of view there is everything to be said 
— . for the specialized three years Honours Course. 

Honour Sure© followed in all the Univer- 

sities, in spite of the recognition of ita merits, 
because of the fact that there are considerable advantages attend- 
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ant Upon the acquisition of a Degree of any kind at as early a date 
as possible. It is apprehended by tliose who have not adopted 
the new scheme, not witliout reason, that if the Honours Courses 
were transformed into 3 year ones many students, who now take 
up Honours would prefer to take a Pass Degree in order that they 
miglit graduate one year earlier than is possible when taking an 
Honours Degree. Because of this there has not been any universal 
acceptance of the 3 year Honours scheme throughout the Uni- 
versities, and because of this fact, at the present moment 
Honours teaching and standards differ enormously in the different 
Universities. Attempts have been made to obtain uniformity but 
without success, and it appears that until there is no difference 
between the length of time required for an ordinary Degree and 
Honours Degree, there is little chance of abolishing this anomalous 
position with regard to Honours teaching. The present position is» 
therefore, that an Honours Degree in certain Universities connotes 
an entirely different standard from that of an Honours Degree in 
other Universities, and it is to be feared that unless some agreement 
can be reached which will enable the Universities to establish the 
specialized 3 years Honours Course, the newer Universities which 
have done admirable work and set very high standards in their 
Honours teaching may feel themselves compelled to abandon what 
has undoubtedly been a valuable contribution to educational 
progress in this country. 


One solution that has lieen proposed is that the Pass Degree 
y also should be made a three year one, but I do 

Pass-Degree public opinion will permit of this 

under the present economic conditions. The Unh 
versify Course is already a 4 year one as against 3 years in most 
foreign Universities and any attempt further to lengthen it would 
raise almost irresistible opposition. A better solution would appear 
tohethatof attaching to an Honours Degree a status and privileges 
which will adequately recompense the student who is prepared to 
specialize for a period of 3 years in one particular subject In addition 
to taking the ordinary Degree subjects In the normal 2 years. The 
reason why the early obtaining of any kind of Degree is of value is 
that for mast Public Service Examinations and adjnissions to most 
profos.sions, the qualification laid down for entrants is that of 
possessing any kind of Degree. If the Public Science Commission 
were to lequirc an Honours Degree as a necessary qualification for 
candidates taking their examinations, and the ftx>vincial Govern* 
ments were to follow the lend given by the Federal Public Service 
Commission tlierc would not. I thiiUc. lie much reluctance on the 
part of’ students to enter for a 3 years Honours Course. The 
replac ement of the present 2 years Honours Course in the older 
I'niversitics by a 3 year one would also probably have the effect 
of limiting Honours teaching to those Colleges w’hich were in a 
])OsLtion to provide satisfactory teaching and satisfactory' laboratory 
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/ vilifies This again would rouse a certain amovmf of oppoMtum, 

1 eventually prove a valuable reform. Sucli reforms to 1>c 

but would e be accepted genemllv 1>V all tlie L niversitics. 
'^”t:fortunS?SS®there is «u annua! meeting of .he 
teure^tatives of various Universities at the Inler-l iiivcrMtj 
faCe the individual Universities are, m prae.iw. m.lc-j.cn.lent 
S^te^cli pay little heed to the general recommendations made to 
by other bodies. Whether it is that they are jealous oi tl.c.r 
aSonomy or unable, for Bnaneial reasons, to carry out the re<xm ■ 
menktions which are made, is immaterial, but it is a fact that 
few if any of the general recommemlntions which h;ue been 
mlde from lime to time by the Inter-University Boanl have had 
any influence upon individual University developments. Tins 
problem of the specialized Honours Course is one about which sudi 
TBoard could with advantage give an authoritative opinion and 
make a strong recommendation to the I Diversities. It is one of 
the points about which there should be reasonable unanimity of 

opinion and uniformity of policy. i • i i 

As might be expected a greater part of the work winch ha> 
been done in scientiBc education in the Colleges lm« been in con- 
nection with the old established and perhaps scientifically fuiula. 
mental subjects such as Physics and Chemistry. Intil recently 
there were few science students in subjects otlier tluin tliese .<ave 
perhaps Botany. The latter subject lm» become extremely popular 
in certain Universities has the reputation of U*ing nn easy 

One point to which adequate attention has not so far been 
paid is that of the ditfering stniidunls attained 
Standards In different subjects in t he ordinary and Honours 
U*dver- jj^aminstions, In one University, for example. 

it is possible and not unknomi fora student to 
take up Botany in his final examination without ha\ing road that 
subject either at school or in his Intermediate Course and to obtain an 
Honours Degree after '1 years’ study. The same applies to 
other subjects. It should be obvious that the standard of work 
counoted by an Honours Degree which requires merely 2 years’ 
total study must be entirely different from that which is connoted 
by an Honours Degree in a subject which has required 4 years 
University study and sometimes several years of school work in 
addition. Sufficient attention has not been paid also to the correla- 
tion of subjects taken by individuals presenting themselves for 
Degrees in certain Universities. For example, it is possible for a 
student while taking an Arts Degree to read Chemistry or some 
other science subject. The fact that a satisfectory knowledge m 
Chemistry cannot be obtained without a knowledge of Physics and 
Mathematics or that a satisfactory knowledge of Botany is not 
posable without an elementary knowledge of Chemistp', does not 
seem to have been realized. In the newer Universities science 
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subjects can, as a rule, only be taken by students taking a com- 
plete science course, and in one University at any rate the science 
course Is a uniform one. This makes possible correlated scientific 
education, creating an attitude of mind as well as giving a knowledge 
of scientific facts. No Indian University has, so far as I know, 
followed the example of at least one foreign University in making 
Physics compulsory at the Intermediate stage for all science students. 
The principle behind this is sound and is one to whicli greater 
attention might with advantage be paid in India. 

Of recent years there has been a wide extension of scientific 
education for ordinary students into such sub* 
Physiology', Geology and Zoology. Pro- 
vided the students have had a reasonably 
sound foundation learning in elementary Physics and Chemistry 
this is an admirable development, and the provision of specialised 
courses in the more advanced scientific stages in such subjects as 
Bio-Chemistry, Agricultural Science and the technical applications 
of t lie pure sciences is a very desirable trend of modem developments. 
During the last 15 years there has been a phenomenal growth in 
the facilities which are provided for advanced students for research 
work in different branches of science. The admirable scheme 
devised and put into practice by Sir Asutosh Mookerjee has given 
an impetus to Post-Graduate studies not only his own University 
but also to the other Universities in India. The volume of research 
work which is now being done is remarkable considering the unsatis- 
factory nature of school and c*ollege education and the financial 
resources of different educational instittitions. One of the facts 
whicli makes this possible is the unfortunate fact that so few worth 
while openings exist for emploment after graduation. This added 
to tlio fact that students can and do live in a fmgal and economic 
manner upon allowances which would be quite inadequate in other 
countries, has made possible a devotion to research which is one of 
the noticeable features about University work in some ot the 
Universities in India. In Calcutta, for example, there are Post- 
Graduate departments in almost every branch of studies with 
adequate facilities for research in whichever directions students 
mav wish to work. This Ims been made possible m the pure 
sciences bv the verv generous endowments wliioh have Wn given 
to the University, making possible w^ll-equipped laboratones and 
tlic appointing of well-qualified staffs. These endo™ts also 
provide opportunities for a large number of able students to proceed 

nbrond for further training. , 

.Another fact which has given an impetus to research nortc is 
the World-Wide recognition which has been woi. by a nnm^r 
of Indian Scientists and the reputation which ‘brough them has 
c.„me indicating India's capacity to provide j^ople of a lugh oMer 
of intelligence. It i.s quite certain that their aehievemwts have 
oLtrihiited not a little to the prestige of India throughout the 
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ArW The inspiration of their names ami t heir work luis U-cl many 

rS‘r”nit“..v 1“ »i” u..<io.b,o,iiv „ *,,i .,f .1,.- 

S.°“;”.ork wU'ch f. .t prci«,il being ctan- 1. moi.. ,n tin- niitniT 

r'r Tif 

spread faoilitfes are ofiered in all L'niversitios for llie takiiij: ol the 
M.Sc„ and in some eases even the Hononre Degrees, m imrt l.\ means 
ftf thf&fks orofessedlv ombodving research act ivi ties. It is, 1 think. 
mSSm; ?Si.m of min,- of tl.ose tln-so. .1». >bp-”; 3; 
work of no real research value. They deal with prohlents « I icl. 
could have been more profitably undertaker) at u later stage when 
the student had obtaineil a sounder knowledge of the 
of hia own and other sciences. Before a atudent sliould attempt to 
carry out experiments or interpret knowledge m such .> manm-r 
that it can rightly be describe.l as research work, it i.s essent ai 
that he should possess a sound knowledge of all scientific principles 
a knowledge of which is ncce.ssary fora real scientific understanding 

of iny subject. . * . i 

Occasionally, very occasionally, there api)CHr students who 
obtain a grasp of their subject at an early stage and for those it 
would not be wise to insist upon the acquisition of book knowledge 
beyond a certain stage, These stndent*» are undoubtedly exceptions, 
but I feel convinced that to allow a large number of students 
to present theses for the M.A. and M.Sc. degrees is denying them 
the opportunity of acquiriog that sound fundamental scientific 
traioing which makes possible at a later stage real contributions 
towards scientific knowledge. It is significant that in certain 
subjects this allowing of the presentation of theses for ordinary 
examinations has been discontinuod. It is, I think, a privilege 
that should wisely and severely be restricted in all subjects. 

Naturally, as far as research work is concerned, extensive 
facilities ai^e limited to the larger Colleges and towns. In every 
province, however, there is very considerable activity, and there 
are signs that the value of the work which is being done is being 
recognized even by commercial firms. Recently in the Punjab one 
firm has placed a sum of money at the disposal of the University 
through a leading Professor. A recognition of the morit of hia 
work was the origin of this gift. This is an example which might 
well be followed in other parts of India, with advantage both to 
the commercial firms and to tho Universities. 

Looking back on the period one sees that much has been done 
• but that much remains to be done. Progress 
has, in the main, been the result of individual 
achievement and greatness. That progress has provided for Indian 
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students inspiration and has brought reasonably widespread facili- 
ties, not only for normal scientific education in ordinary and 
Honours Degree courses, but opportunities for research work and 
practical training. It is now possible for students to develop their 
innate powers and by extending the bounds of knowledge to bring 
recognition to themselves and to their country. 

So far the research which has brought the greatest recognition 
Future Problems countrj' has been research in the physi. 

cal sciences. W xth the extension of scientific 
teaching to other subjects it is to be hoped that research faci- 
lities in other directions will spread as rapidly as have the re- 
search facilities in Physics and Chemistry. There are more virgin 
and wider fields in subjects like Botany, Geology, Physiology and 
Bio-Chemistry than in the more frequently trodden grounds of 
Physics and Chemistry. Moreover, in many of these branches well* 
equippe<l and expensive laboratories such as are available only in 
the large Colleges and towns are not essential for the production of 
valuable work. These are directions in which men of genius in small 
colleges and residing in the rural areas should find an opportunity 
for explorations of value during their leisure time and in their 
immediate surroundings. Besearch work encounters many diffi- 
culties in this land which are absent in others. At the present 
moment it is only men of undoubted genius who are able to triumph 
over the difficulties which are encountered. The greatest inlierent 
difficulty is the lack of a sound fundamental education. It is the 
business of educational authorities to minimise these difficulties 
and to provide satisfactory accommodation and facilities and 
efficient teaching. It is the business of the commercial and 
indxistrial firms, which stand to gain by the results of research 
work, to make possible the building and equipping of laboratories 
and the carrying out of work upon problems, the solution of which 
is to their advantage. Considering the difficulties, scientific educa- 
tion in this country has made astounding progress. Its progress 
will be still more rapid and effective when the following problems 
have been solved : — 


1. The reorganization of Secondary School systems so as 

to guarantee a sound fundamental education and 
preliminarv scientific training. This means the 
guaranteeing of a satisfactory elementary scientific 
training for aU students, and, in addition, the pro- 
vision of more specialized and detailed scientific 
training for students who wish to become scientists 
in the real sense of the term. 

2. The reorganization of University studies so as to 

guarantee a sound knowledge of all the fundamental 
sciences which will serve as a foundation upon which 
to build satisfactorily for advanced scientific study and 
research in any branch. 
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3. Obtaining the co-operation of indusitnal and commcrcjol 

firms in schemes for research activities in various 
directions. 

4. Obtaining endowments for researcli in tiie pure sciences 

which have no direct, immediate commercial appli* 
cations. 
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I. Introduction. 

India can claim a prominent place in the mathematical world 
as the country which gave to the world the system of representing 
all numbers by means of ten digits — the system which forms the 
foundation of ail Mathematics. Her contribution to the early 
development of Astronomy is also noteworthy and several ^tro- 
nomical observatories (crude as they may appear compared with the 
modem ones fitted with precision instruments) built centuries ago 
in different parts of Northern India bear testimony to the zeal and 
thoroughness with which the study and research in Astronomy were 

study and research in Mathematics and other scientific 
subjects on modem lines began in India rather late, and the begin- 
nings may perhaps be identified with the foundation of the Asiatic 
Society of ^ngal about a century ago. For many years the pontn- 
butions consisted of papers written by Europeans on vanous scientific 
subjects, specially Geology and Meteorology, and publishea m tne 
Journals of the Society. Gradually, however, Indies began to 
interest themselves in scientific work and the record of progress 
that they have made during the last quarter of a century is very 
remarkable. 


( 18 ) 
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The lead in the field of mathematical research was given by 
the late Sir Ashutosh Mookerjee, the President 
Sir Ashutosh ^he first session of the Indian Science Congress, 

Mookerjee began his career as the pioneer mat he- 

matical researcher, but later on took to the profession of Law, 
rose to be the Chief Justice of the Calcutta High Court and dis- 
tinguished himself as the foremost educational reformer of India. 
Fifty years ago, he published several pa pens on Differcmtial 
Equations in the Journal of the Asiatic Society of Bengal : tlionc 
were later incorporated in the works of Edwards and Forsyth. 
One of the most remarkable results he arrived at was that the 
left hand side of Mongers differential equation to all conics, which 
had been described b}' Boole as incapable of geometrical interpreta- 
tion and merely an Integra ble form, was geometrically interpreted 
as the radius of curvature of the curve of aberrancy. Sir Ashutosh 
wrote about sixteen original papers in Mathematics during the 
three to four years that intervened between his graduation and t ho 
beginning of his career as a lawyer. 

Among the pioneers of mathematical research in India, tho 
_ _ , name of the late Dr. Ganesh Prasad, Herdinge 

Professor of Mathematics in the Calcutta 
Universit}', deserves special reference. Ho pub* 
lished bis first paper * On the potentials of ellipsoids of variable 
densities ' as early as 1000 ( J/eaaenger of Mathematics, 30). Ho was 
tho author of a fairly large number of notes, papers and memoirs. 
His work can roughly be classified in three groups. The first 
group consists of papers on Applied Mathematics, specially in the 
theory of potentials, in which he employed his knowledge of tho 
theory of functions of a real variable. The writers previous to him 
had not considered the cases in which, under .special circumstances, 
the differential coefficients either became infinite or did not exist. 
Dr. Prasad made a thorough investigation of such cases. An 
importaut contribution to this group was the memoir entitled 
‘Constitution of Matter and Analvtical Theories of Heat* {Golf. 
Abk.y 2, 1903). The second group consiats of papers on the theory 
of functions of a real variable, mainly on Fourier Juries, This consti- 
tuted the bulk of his work. He has given a number of results con- 
«nung the sum inability and strong summability of Fourier Series. 
He MSed most of his work on a special type of functions having dis- 
continuities of the second kind. The function /(f) = xW in 

which ;((f) is limited or unlimited but monotone and ^(0 is monotone 
in the neighbourhood of the origin and tends to infuiit}* a.$ I tends to 
^ serv^ throughout as an unfailing weapon in his investigations. 
His third group of papers consists of those on spherical harmonics, 
chiefly on Legendre’s function and series. He has given an interest- 
ing theorem by means of which an arbitrary function can easily be 
^spre^d as a sum of surface harmonics (n*dc Hobson, Theory of 
^phental and Ellipsoidal Barmonics, p. 148). Here, too, ho 
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employed his faroiirite function /(Z). He had planned an elaborate 
memoir on the ^ Expansion of &ro \ but he died before he could 
finish it. 

The most distinguished mathematician that India has ever 
S Ramaauian P^^ticed in modem times was S. Ramanujan, 
^ who» without any university education, began 
researches in Mathematics more as a hobby than as a profession. 
While a clerk in the Madras Port Trust, bis remarkable mathematical 
abilities attracted the attention of the authorities of t)ie Madras 
University and specially through the personal interest of Prof, 
Hardy (who had come to know Ramanujan by correspondence), 
he secured a Government Scholarship, which enabled him to proceed 
to Cambridge and continue his researches under the guidance of 
Prof. Hardy. Most of his work was concerned with the Theory of 
Numbers. He was elected a Fellow of the Royal Society in 1918 
and was the first Indian mathematician to get the high honour. 
In the words of Prof. Hardy, ' he is beyond question the best Indian 
mathematician of modem times .... He will always be rather 
eccentric in his choice of subjects and methods of dealing with 

tljem But of his extraordinary giRs there can be no question ; 

in some ways be is the most remarkable mathematician I have even 
known Unfortunately for India and the world, this mathematical 
genius passed away at the very young age of thirty-three, only 
two years after bis election as a Fellow of the Royal Society. A 
full account of his life and work is contained in * Collected Papers of 
Srinivasa Ramanujan ’ edited by G. H. Hardy, P. V. Seshu Myer 
and B. M. Wilson, and published by the University Press, 

Cambridge. . . j. i 

It is not possible to give in the short space at our disposal 
anything like an adequate account of what has been done in India 
during the last thirty or forty years in tlie field of mathematics, 
and in this chapter only a brief outline is given of the work 
that has been done in the various subjects, without strict reference 
to their chronological order. 

II. Geometry. 

A most remarkable contribution to Geometry was made by the 
late Dr S. Mukhopadhvaya, who was a Professor of Mathematics 
in the University of Calcutta. He was the first to prove the 
theorems (later re-discovered in Europe) that every oval possesses 
at least 4 cyclic and 6 sextactic points. He afterwards generalized 
thase results, proving that if a circle (conic) meet an oval in 2» 
points tiien the oval has 2n cyclic (sextactic) points. The connection 
between cyclic points and normals has also been studied by him. 
P Ganapati has shewn that all the cyclic points of an oval cannot 
lie on a circle. K. C. Bose has shewn that the sextactic points 
cannot all lie on a conic. Ovals for which derivatives ol higher 
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order than the first are non-existent have been consulorod by 
S. Mukhopadhvava in two of his papers. The properties of coiivc-x 
orals and ovaWds in relation to the varions kinds of oenfroitls, 
hare been studied bv B. C. Bos© and S. N. Roy, specially the 
locii of tkes© centroids for a system of parjillel ovals or ovaloids. 
[Vide BvH. Cal Math, Soc., 1 ; Math. Znt.^ 33 ; Bull Col. Math. 
Soc., 10; Math. ZtiL, 35; J. Ind. MfUh. 8oc., 2 {New Series) ; 
Math. Zfit., 30 ; Tohuku Math. J., 34 ; Bull CaJ. Math. Soc., 27 ; 
etc. J* 

"^Corresponding to the Gaussian pentagram of elliptic geometry, 
there are known to exist 5 riglit-angled triangles and 5 tri-rectangular 
qu adri lat e ra h of t h e hyperbolic plo ne - S . Mukli ofM d hy a y a co mpl e t- 
ed this system by showing the existence of a five -riglit-angled liypor- 
holic plane pentagon assooiaicd to the other 1 1 figures and thus gave 
an objectire basis for Engel -Napier rules {Bull Cal Math. Soc., 
13). R. C. Bose has shown that this >y8lem of associated figures 
is a degenerate case of a sVs^tem of 12 a<socittfed skew recta ngu lax 
pentagons of hyperbolic space {Bull. Cnl Math. Soc., 28). Ho has 
also extended the theory of associated figures to general triangles 
Cal Math. Soc., 19 and 28) and also to certain types of 
polybedra (Ind. Phys.-Motk. 3). S. Mukhopjulhyayrt and G. Bhar 
hare made very interesting generalizations of the concurrency 
theorems for the hyperbolic triangle {Bull Cal. Math. Soc., 12). 

A. Karasinga Rao investigated mainly specific geometrical 
topics, particularly the geometry of quadric manifolds and geo- 
metrical transformations. In one paper, he discusses, in general 
terms, the conditions under which tho derired locus splits up into 
the maximum number of algebraically distinct components, It is 
shewn that such utter degeneracy Is connected with the theory of 
the polyhedral groups. In another paper he classifies the quadrics 
of revolution through a given conic by associating each with its 
axis of revolution (J. Ind. Math. Soc., 15). He has also studied 
the complex curves on a quadric surface {A Hi del Congrwo Interna- 
zionah dti MaUmatici Bolagno, 6), the axial involution of a net of 
conics and its associated (1, 2) Connexes {J. ItuI. Math. Soc., 18) 
and certain transformations in circle space connected with the 
theory of the liliquel-ClifTonl configuration (Proc. Camb. Phil. 
Soc., 1937). He has also published a number of other papers on 
allied topics. 

A number of papers relating to tetrahedra have been contri- 
buted by N. D. Raian (J. Ind. Maih. Soc.. 5), Hemraj {J. Ind. 
Math. Soc., 15) and Kasikar (Math. Student, 2). A number of 
papers relating to conicoids have been written by R. Vaidyanath- 
swamy [J. Ind. Math. Soc., 19, 2 (New Series)], V. Ramaswami Ayer 
Student, 2), A. A. Krlshnaswami Ayer {Math. Student, 3), S. 

ir t K. Mitra (BuU. Cal. 

Math. Soc., 24), C. N. Srinivasiengcr {Bull Cal Math. Soc., 27) and 
. Ramamurti {Math. Student, 4). A number of papers on ruled 
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surfaces have been written by R. Vaidyanatbswamy {J. Ind. 
Math. Soc.. 8), R. Bebari [J. Ind. Math. Soc.^ 19, 20, 1 (New 
Series), 2, 2nd. Phys.^Math. J., 7], C. N. Srinivasienger [J. Ind. 
Math. Soc., 18. 19, 1 (New Series)]. Certain special types of 
surfaces liave been investigated by R. Vajdyanafchswaini (J, Ind. 
Math. Soc.. 9), A. Krishnaswami Ayienger {J. Ind. Math. Soc., 19) 
and V. R^ngrtcharier Cal. Math. Soc., 23 ; J. /nd. Math. 

Soc., 19, BuU. Cal. Math. Soc., 27, J. Ind. Math. Soc., 1 (New Series)]. 

B. M. Sen has investigated the classification of double 
surfaces under certain restrictions. Unifacial or double surfaces 
fall into three classes. All algebraic double surfaces have at least 
one double line. CHibic and quart ic double surfaces are deter* 
mined. It is shewm that one of the centro^surfaces must also 
be a double surface. Bonnet’s associates of double minimal 
surfaces are deforms, but are not one-sided. This anomaly has 
also been explained {Proc. Land. Math. Soc., 20). B. M. Sen 
has also discussed the distinction between the applicability 
and deformation of a surface and its bearing on the general theory 
of deformation {Proc. Comb. Phil. Soc., 22), H, N. Datta has 
written a paper on the use of Riccati’s equation in the theory of 
geodesics (Proc. Benares Math. Soc., 3). 

Balak Ram has given a new proof of the theorem that when 
a flexible extensible surface is deformed, the Gaussian curvature 
remains constant {J. Ind. Math. Soc., 2). B. M, Sen has shewn that 
the partial differential equation of the Monge* Ampere type, on which 
the deformation of surface.s is supposed to depend, is a necessary 
but not sufficient condition (Bull. Cal. 3Iatk, Soc., 10). C. N. 
Srinivasienger has investigated the methods of determination of 
one- parameter and two- para meter systems {Tohuku Math. J., 39). 
A number of papers on ovals and ovaloids have been contributed 
bv P. Ganapati {J. Ind. Math. Soc., 19). Ho has discussed the 
properties of the ovals called ‘ Su Oval * which satisfies the equations 


2» 


2 ^ 


COS = Jp sin 2^^ * 


0, 


where p is the radius of curvature at a point of the oval and ^ is 
the angle between the corresponding tangent plane and a fixed 
plane (Math. Zeit.. 38). M. W. Ghosh has written a few ^pers 
in plane geometry {Bull. Cal. Math. Soc., 13, 19 and J. Departmeni 
of Science. Cal. Univ., 10). P. N. Das Gupta has worked m algebraic 
geometry, dealing particularly with Invariants and 
two linear complexes (Proc. Lond. Math. Soc., 31). ^ w 
a few papers in the same line in collaboration with 
Turnbull and with N. Chatterji. R. Behan has contributed a 
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series of papers on the differential geometry of ruled surfaces and 
has estabffid a number of interesting general ^ 

papers have appeared in several Indian Journals {J. Ind. Math. Hoc., 

19 s 20. 2, Proe. U P. Acad. Sc., 4, etc.) , j ki„ 

R Vaidyanatbswami has investigated the aimpl^exea doubly 

incident with a quadric (Proc. Camb. PM. Soc.. 22). the number 
of lines which meet 4 regions in hyperspace (Proc. Oamb. Phtl. 
Soc. 22). C. V. Hanumant Bao has investigated curves winch lie 
on the quartic surface in space of four dimensions and the 
oondine curves on the cubic surface and the quartic with a double 
conic. He has shown that there exist conical varieties in space 
of four dimensions with properties similar to th^ of Schur h qua- 
dries, there being quadrics associated in a 5^® 

cubic curves on a cubic surface [Proc. Land. Maik. Soc.y 17 (Set. 2)]. 
B. Ramamurti has established by binary a]^larity methods 
certain fundamental properties of the rational normal surtax 
{Maih. AnnaUn, 3). Among other important contributions of B. 
Ramamurti are his investigation of Desargues configurations 
admitting a collineation group {J. Land. Math. Soc., 8), the rank 
of a quadric related to a rational norm curve (J. J.^nd. Math. 
Soc., 9), tbe quadric poristica4ly related to a norm curve {Proc. 
Cam*. Phil Soc,, 30) and linear complexes related to a rational 
norm curve {Proc. Ind. Acad. Sc., 1). 

D. D. Kosambi has worked in the field of Differential Geometry, 
mainly of higher dimensions. His important contributions con- 
sist of investigations on Differential Geometry and Calculus of 
Variations {RcTidieonti d. Scale Accademia NazionaU dei ^ncet). 
affixe •geometrical foundation of unified field theory Prcu4S. 

Akadcmit d. WUunii^jUn), parallelism and path spaces {Main. 
ZtiiMkrift), path spaces of higher order J. oj Malh.) and 

C th-geometry and cosmogony J. of Math.). R. N. Sen 

s discussed the connection between Levi-Civita parallelism and 
Einstein’s tele-parallelism (Proc. Edin. Malh. Soc., 2), and curvatures 
of hypersurfaces and rotations in hyperspace {BmU. Oal. Math. 
5oc.,23). J. Ghosh has discussed the differential equations corres- 
ponding to rigid bodies in the naturally curved world of De Sitter 
(ToAiijfctt Math. J. 32) and also certain characteristics of linear trans- 
formations of the Riemmannian space {Ind. Phy9.»Math . »/. 1 ). S. M. 
Ganguli has written a treatise on Analytical Geometry of Hj^r- 
spaces (1914). contributed a paper on angle-concept in n-dimensional 
geometry (Buii. Cal. Maik. Soc., 1918) and the geometry of the 
four-fold (1934). He is also the author of a treatise on Theory of 
Plane CJurves, Vols. 1 and 2 (1928-1932). 


ITT . Algebra a^d Algebraio Equations. 

A large number of authors have worked in this branch of 
mathematics. To mention a few of them, R. Vaidyanathswami 
has investigated the rigns of terms in a determinant {J. Ind. Math. 
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Soc. ,16), the integer roots of the unit matrix and possible periods of 
integer matrics {J. Lend. Math. Soc. 3), an application of the 
permanent {J . I nd. Math. Sot.^ 18), an extension of determinant con* 
cept based on group characters [J. Jnd. Math. Soc.y 1 (New Series)], 
a remarkable property of integers mod N. and its bearing on group 
theory {Proc. Ind. Acad. Sc., 5). He has investigated the rank of 
the double binary form [Proc. Lend. Math. Soc. (2), 24], a special 
pencil of binary quart ics {Proc. Edin. Math. Soc.), the theory of 
bilinear and double bilinear forms {J. Ind. Math, Soc,, 19), the 
apolar invariant of bilinear forms {Proc. Ind. Acad. Sc., 1) and 
the null pencil of binary quartics (Proc. Lend. Math. Soc., 23). 
He has also discussed the quadratic reciprocity of polynomials 
{J. Ind. Math. Soc., 17). S. Cbakravarti baa written a number 
of papers on determinants, including discussiona on two pairs 
of factorable continuants {Bull. Cal. Math. Soc., 15), evaluation 
of factorable continuants of Muir {Bull. Cal. Math. Soc., 17), and 
a few factorable continuants and a theorem in determinants {Ind. 
Phys.-Math. J., 5). M, B. Rao and M. V. Ayyar have written on 
the evaluation oftwo functional determinants {J.Ind. Math, Soc., 16) 
and evaluation of persym metrics {J. Ind. Math. Soc., 17). N. N. 
Ghosh has a paper on a class of determinants having geometrical 
applications {Bull. Cal. Math. Soc,, 28). S. S. Pillai has discussed a 
theorem concerning the primitive periods of integer matrices. K. 
Rao has investigated the invariant factors of a certain class of linear 
substitutions {J. Ind. Math. Soc., 19). Narasinga Rao has discussed 
Boolean matrix algebra {J. Ind. Math. Soc., IS). M. Gupta has 
investigated the question of substitution and equivalence of two 
forms {Bull. Cal. Math. Soc., 22). 8 , Chowla has investigated the 
irrational indefimte quadratic forms {Proc. Ind. Acad. Sc., 2) and the 
expression for the class number of binary quadratic forms (J. Ind. 
Math. Soc., 18). 

P. O. Upadbyaya has a large number of paj»rs in the field of 
algebraic equations and polynomials, published in various Indian 
and foreign journals. He has also investigated the cyclotomic 
hepta* section for the prime 43 {AnnaU Math., 23) and the quinqui- 
section for all primes of the form lOn+l between 1900 and 2100. 
He has a paper on an equation of the eighth degree with Caylean 
property {Tohuku, Math, J., 24), on an Abelian equation {Tokuku 
Math. J., 24) and on the quinquisection of every prime of the form 
between 100 and 600 {Proc. Land. Math. Soc., 20). For the 
work of S. Ramanujam in this branch, reference may be made to 
his Collected Papers. M. T. Naraniengar has a number of contribu- 
tions in the Journal of the Indian Mathematical Society includmg 
the discussion of certain important properties of polynomials 
(J. Ind. Math. Soc., 5), cyclic equations (J. Ind. Math. Soc., 1), 
cyclotomic equations {J. Ind. Math. Soc., 7) and a special class of 
equations of the form 
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which is written for brevity as 

= 0 . 

He proves that if n is prime, then 
y,'{x)-x] = 

where /(*) is a cyclic expression of the nth degree {J. Ind. Moth. 
Soc., 7). 

rV. DlPFBRENTtAL AWI> INTEGRAL EQUATIONS. 

8 C Dhar has investigated the solutions of Mathieu equation 
in areries of {Bull Cal. Math. Soc., 10. 18 ■. Ameren J. of 

Math. 45 ; Math. J.. 19 ; J. Department of 

i J Ind Math. Soc., 16) and these have been collected together m 

a’book ‘l^thieu Fiinctions-. He has given several expressions 

of Mathieu functions in terms of Bessel tfont 

problem of expressing Bessel functions m 
has been att^pted by N. A. Shartn (J. Ind. M^h ««-• Hon 
Vanua has inveatigated the periodic solutions of the equation 


^ 4- 16^ cos 2nx)y 

dr 


0 . 


which reduces to Mathieu equation when « = 

18). J. L. Sarma has discussed the solution of Lame s equation by 
means of »-function {Bull. Cal. Math. Soc., 23). 

C. N. Srinivasienger has written a series of 
solutions of differential equations of the first order {Tohuku Matk.J., 
30,41) and of the second order {J. Ind. Math. Soc.. 20). Ho lias also 
discussed the singular solutions of simultaneous ordinary diff erentia 
equations {Proc. Ind. Acad. Sc., 1) and the special inte^ls of partml 
differential equations of the first order in three variables. M. K. 
Siddiqi has contributed a series of papers on non-lmear partial 
differentidl equation b. Ho has provod that one and only on© regular 
solution of each of the non-linear partial differential equations 


du 


«D 




9ht du 


2 Pr’ .(*• 0 “' 



exists vhich satisfies the boundary cooditioDS : 


u(t), 0 «(«, t) = 0, u(x, o) = /(*). 

[Jdaih. Zeii.y 35.) 

He has also discussed an infinite seriee of integrals inTolving Sturm- 
liiouTille eigen-functiond (BvU, fl.F. Aaid.^ 3)» the equation of heat- 
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conduction in ^rave-mechanics (/. Ind, JIath. Soc., 20), Cauchy’s 
problem in a non-linear partial differential equation of hyperbolic 
type {Proc. Camb. Phil. Soc., 31), and certain infinite series of 
Integrals (lecture deb'vered to the SoeiHi mathinuUique de France, 
1936). He has discussed tbo equations 



for boundary conditions of the first type and he has proved that 
one and only one solution of each of the two equations exists which 
can be expanded in a series of Sturm-Liouvilte eigen-functions. He 
has investigated the theory of an infinite system of non-linear 
integral equations {Proe. International CongreM of Math., Oslo, 
1936) and the theory of non-linear partial differential equations 
(Proc. British Aeaoc. for the Advancement of Science, 1936). He 
has extended the method of integral equations and successive 
approximations to the more general equation 

r,$ ' ' 

The existence and uniqueness of the solution for the first boundary 
problem is established and the result is extended to other cases 
lComp(e4 Bendy^, 203). 

J. C. Swaminaryan has discussed a generalized form of Clairaut’s 
equation {J. Ind. Math. Soc., 4 ). C. N. Srinivasiengar has proved a 
theorem concerning the p •discrim in ant {Bull. Cal. Math. Soc., 25) 
and has also written a few notes (J. Ind. Math. Soc., 17, Mysore Vniv. 
J.. Math. Gazette, 1929). H. N. Datta has discussed the theorem of 
Lie relating to the theory of intermediate integrals of partial dif- 
ferential equations of the second order (Bull. Cal. Math. Soc., 15). 
He has written two other papers on the construction of partial 
differential equations of the second order satisfying assigned 
conditions {Bull Cal Math. Soc., 15, 16). G. Prasad has 
investigated the numerical solution of Integral Equations and of 
Partial Differential equations and his work is embodied in the 
papers on the numerical solutions of Integral Equations {Proc. 
Edin. Math. Soc., 1923) and on the numerical solution of Partial 
Differential Equations {Phil Mag., 9). 

V. Theory op Functions and Infinite Series. 

K Ananda Rau supplied an important stop in the proof of a 
tfieorem of Hardy {Proc. Land. Math. Soc., 17) and has consider^ 
the usual Abelian theorem for power series in connection with 
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ordinary Lambert’s series (Proc. Lend. Math. Soc., ^ ^ 

note on a property of Dirichlct’s series, he proves that it 
/(«) s » ff+t/, converges for <7>oo while /<s) is regular 

for ff>t»>(7ft.then/(^4-iri cannot tend to a definite limit as ( i \ , 

where tf>v is fixed {Proc. Lond. Math. Soc., 19). Ho has discussed 
the converse of the Abelian theorem {J- Ind. Math. 6’oc.» 3), 
Dirichlet's series with positive coefficients {Ptnd Cir. Palermo., 54 ; 
Quart. J. Math., 2), an example of the summation by Riosz s 
Typical Means {Proc. Lend. Math. Soc., 30), and convergcneo and 
summability of Dirich let’s series {Proc. Lend. Math. See., 34). 

Gan apathy Ayer's work is embodied in tho papers relating to the 
rearrangement of complex series {J. Ind. Maik. Soc., 1), Tauberian 
theorems on generalized Lambert scries {J. Ind. Math. See., 1) and 
Tauberian and summability theorems on Dirichlct’s scries. 8. 
hlinakshisundaram has a paper on Tauberian theorems on Did chiefs 
series {J. Ind. Math. Soc., 2). K. V. lyenger has written several 
papers on Infinite Series, including a discussion on series whose 
terms as well as sum 'function arc continuous but which do not con- 
verge uniformly in any interval (J . Ind. Math. Soc., 1) and also on 
Weirstrass’s oon-differentiAblc function {J. Ind. Math. Soc., 19). 

K. Ananda Rau discusses the boundary behaviour of elliptic 
modular functloua {Acta Math., 52) and the behaviour of tlie theta- 
function near the line of singularities {J. Ind. Math. Soc., 20). 

V. Ganapatby Ayer discusses the integral functions of order 
one and finite type {J. Ind. Math, Soc., 2] and integral functions of 
finite order bounded at a sequence of points {J. Ind. Math. Soc., 2). 
In these two papers the author discusses some generalizations of the 
result of Polya that ’ if/( 2 ) Is an integral function of order one and 

mukimal type and /(±n) =0(1), n = 1, 2 then f{z) is a 

constant '. He has continued the discussion further and proved 
several new results {J. Ind. Math. Soc., 2). He has con- 
tributed a note on integral functions of order two, bounded at the 
lattice points (J. Lend. Math. Soc., 11), where he has proved that 
an inte^al function of order two and type less than fr/2 bounded at 
the lattice points must be constant. He discusses the maximum 
modulus curves of holomorphic functions (f*roc. Ind. Acad. Sc., 
4) and the Lebesgue class of integral functions along straight 
linos issuing from the origin (Quart. J. of Math., 7). In the latter, 
he has partially generalized the classical Ph ragmen -Lindelot 
theorem, K. S. Suryanarayan has contributed a paper on com- 
p>sit6 meromorphic factions (/. Ind. Math. Soc . , 1 ). K, V. Iyengar 
hae ^cussed the generalization of Jacobi’s theta-function formula 
(J. Ind. Math. See., 1) and the reducibility of the general elliptic 
integrals into logarithms {J. Ind. Math. Soc., 1). 

H. P. Banerji has discussed a generalized force -function of 
^inJeves type {BvU. Cal. Math. See., 1916), an application of the 
^eory of functions to Dynamics (BuU. Cal. Math. See., 8). and 
Peanos function {BuU. Cal. Math. Sec., 16). He has estabUshed 
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a direct verification of the convergence (C, 1) of Lukaco’s two 
continuous functions with divergent Legendre series {Bull. Cal, 
Math. Soc., 19) and he also critically examines Fejer’s sufficient 
condition for summabOity (C, 1) of Legendre series. 

P. N. Mitra has generalized Jensen's inequalities in 19 theorems 
{Bull. Cal. Malh, Soc.^ 21) and has an important contribution on 
Integral Inequalities Cal. Math. Soe., 22). He has further 
generalized bis own results and established a theorem, from which 
the known inequalities of Tchebycheff, Fujlwara, Hayasbi, Dunkel 
and Schwarz have been deduced as particular cases. The theorem 
has also been applied to analytic, circular and transcendental func- 
tions. S. K. Bhar has contributed two papers on non-differentiable 
functions {Bull. Cal. Malh. 5oc., 22, 25). He discusses a continuous 
function which has no mean differential coefficient for any value ofx. 
A. C. Chaudhury has contributed papers on reduction of some 
hyperelliptic integrals of genus five to elliptic integrals {Bull. Cal. 
Math. Soc.y 25), reduction of certain Abelian integrals with applies* 
tion to the summation of infinite series of Legendre functions {BuU, 
Cal. Math. Soc., 26) and on reducible hyperelliptic integrals {Bull. 
Cal. Math. Soc., 27). 

V. Rama swam i has proved the following theorems 

(1) If 

(а) 0(0 is continuous and monotonic in (0, oo ) and 0(0) 7 ^ 0, 

CD 

» 

(б) ^(<)<i(log 0 exists, 

% 

1 

(c) is of bounded variation in every finite internal (0, ») 
and Sq — 0 ; and a number A greater than unity, positive numbers 
a>, H, $ and a function H{o) exists such that 

{d) w («tt^A0 

and (e) to every o in (0<o<3) corresponds an ascending divergent 
sequence P„ « P„o with the property 

H>H{<r)^ lim ^iat)d{Si)>—H, 

« J 
0 

then 

=s 0(1) aa CD. 

(2) If conditions (a), (6), (c) and (e) of the above theorem be 
satisfied, and a position number A and a sequence exist such that 

(/) e'‘>A^>l; lim Wp) 

P-**® logAp 
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thca ost II{cr) B I ^(o) J osc Si. 

9^0 

(3) Suppose that is of bounded Tariation in every finite 
intervai in (0, »), = 0 and that either (i) 0 (A])< 2 ^(A 2 ) for 

some Xty ^ UO ^(A)>— cc for some X, and iim iL{E, A)>0, 

E being a set of points whose complement £ is of measure 
0(0 in (0> 0 and S| ^ 0(1) as oo in E. 

Then 

» 

HM = 

Q 

cannot tend to zero as (Proc. Lwd. 3falh, Soc., 41). He has 
also contributed a paper on some Tauberjan theorems on oscilla- 
tion {J. Land. Math. Soc., 10) and on Riemann’s {-function (J, 
Lend. Math. 8oc., 9). 

B. N. Prasad has given a large number of theorems dealing 
with the convergence and the summability problems of the Fourier 
series and its conjugate series. By substituting the old classical 
conjugate function by a generalized conjugate function, viz., 


8M - 1 


y(<) co8ec*|df» 


where 


t 

no =1 {/(i+0-/{i-0l*. 

0 

he has introduced a new process which has yielded for deeper 
and more general results than those obtained by older methods, 
oim^rly, for dealing with summability (C, 1) of Fourier series, 
he has given an elegant and comprehensive method which gives 
more gen^ rraults than those of Lehesgue, Fejer, etc. For the 
corner single integral, he has given a theorem which covers as 
PMticmM cases the corresponding theorems of Hobson and 
ra^beim. He has also contributed papers on non-difforentiable 

absolute summability (A) introduced by 
J. M. \^tt^er has been developed by Piasad>and applied to the 
ms^^ion of the behaviour of complex power series on the radii 
?/ convergence. Several of bis results have been ineor- 
K 7 ^ J® newly published ‘ Treatise on Trigonometrical Series ' 

y 4ygmimd. Reference may also be made to J<nimal de Maihe- 
mattqw, 11, Proc. L<md. Math. Soe. 35. Anwdi di MaUmaiiea 11 
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Zlaik. Zeit. 40, J. Land. Math. Soc. 6, Proc. U.P. Acad. Se. 4 ; etc. 
T. Vijoyraghaban has contributed a note on diophantine approsi* 
mation {J. Land. Math. 5oc., 2) and converse theorems on sum- 
luability (t7. Land. Math. Soc.y 2). Ke has investigated some 
configurations of singular points on the circumference of the circle 
of convergence of a power series whose coefficients have suitable 
gaps (J. Ind. Math. Soc.y 17). He proves the following 

If denote the number of elements in the periodic part 

of the simple continued fraction for > where |F|, \Q\y 

and R are positive integers and Q divides i?— P*, then 

N(R) * 0(R^*h), 

Making use of some results of I. Schur, the author further shows 

= o (i?» tog R) 

and that for infinitely many P, 

N(R)>B^'h , i^(^) B 0(log B)y 

all uniformly in P and Q {Prcc, Land. Math. Soc., 26). He has 
given a direct and elementary proof for Schmidt’s Tauberian 
theorem for series of real terms which are suxnmable according to 
Borel’s exponential method (Proc. Land. Math. Sac., 27). He has 
proved that if 


0 


is summable {A), and if for 


flD 


q>p, -^1, lim then 2®" 

is convergent {J. Land. Math. Soc., 1). He has also proved the 
following theorem 

If /(«) b© an integral function and if 

Mir) ^ Max | /{*) 1 and if'(r) * Max | /'{«) | , 

\s\mr 

then 

ilf(r) log M{r) ^ ^ 

whereto is a number depending on the function/. 

S C IHitra has a series of papers, mcludmg the investigation 
of certain hitherto unsolved cases of the complex multiplication ol 
elliptic functions {AnnaU 3Ialh.. 30 ). tables of complex mu tipboa- 

tion moduli! of elliptic functions {Bvll. Cal. Math. Soc., 19, 21 , 
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Ind. Fky9.~M<Uh, J., 2) and also modular equations and complex 
multiplication of elliptic functions (Bnll. Cal. Math. Soe., 19. 25, 26). 


VI. Spheric AX. Habmonics and the Theory op Potential. 

The potentials of elliptic and ellipsoidal bodies Imvc been 
investigated by N. K. Sen, who obtained by using discontiiuious 
iotegraTs. a method first proposed by Dirich let, the potentials of 
semi'elUpsoids, semi-ellipses and in general any part of ellipses and 
ellipsoids in integral forms {Bull. Cal. Math. Soe., iO). In a second 
paper, trigonometrical series were constructed for the external 
potentials of elliptic cylinders {Phil. Mag.f 38). 

H. Sankar has discussed a new family of Definite Integrals 
which satisfy the differential equation associated with the parabolic 
cylinder (Proc. Benares Moth. Soc., 5). The new family referred to 
above is of the form 

He has also discussed certain other functions associated with the 
parabolic cylinder in Harmonic Analysis {Proc. Benares Math. 
5oc..6). 

K. B. Madbava has investigated Riemann's Zetafunction 
{J. Ind. Math. Soc., 9), asymptotic expansions of Integral functions 
{J. Ind. Math. Sac.y 9)» Legendre's relation in elliptic functions 
[J . Ind. Math. Soc.^ 10) and other functions of Legendre type (J. Ind. 
Math. Soc.j 12). Q. Prasad has investigated many properties of the 
parabolic cylinder functions and has obtained various expansions 
in connection with them. One important result is an inequality 
which enables one to prove the convergency of expansions obtained in 
terms of these functions {Proc. Btnarts Math. Soc., 2, 3, 4, 8). 
H. Siwr discusses the reduction of Ferraras associated Legendre 
factions and the evaluation of certain definite integrals involving 
them (Proc. fftUn. Math. Soc., 1), S. 0. Alitra has written a series 
of papers, including the expansion for 


EM 




. 2 * 




1 + 




(Bttfl. Cal. Math. Soc., 15), the expansion of an arbitrary function of 
the co»ordmates of a point on the surface of an ellipsoid in a series of 
wipsoidal harmonics (Bull. Cal. Math. Soc., 16), the expansion of 
the product of two parabolic cylinder functions in a series of 
^bolic cylinder functions (BuU. Cal. Math. Soc., 17; Proc. 
enom Soc., 9), a discussion of the squares of Weber's 

cylinder functions and certain integrals connected with 
Soc., 4) and an inte^al equation satisfied 
y them (J, Land. Math. Soe., 11). He has also established certain 
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new connections between Legendre and Bessel fxmctions (Proc. 
Edin. M<Uh. 8oc.y4 ; Maih, Zeit,, 41). 

VII. Theory op Numbers and Arithmeticaij Functions. 

Aa early as 1912, V. Kamesam published a note on Mersenne’s 
number 2’^— 1 (J. Ind. JIath. Soc., 4). S. Ramanujan published a 
paper on irregular numbers (J. Ind. Math. Soc.t5)y one of his earliest 
works published in India, prior to his sojourn in England. For 
a complete list of his papers, reference may be made to * Collected 
Papers of Srinivasa Ramanujan ’ (p. xxxii'zxxiv). H. Balakram 
has a series of papers on the theory of numbers, more or less of an 
elementary character. N. B. Mitra has discussed the converse of 
Fermat’s theorem {J. Ind. Math. Soc.y 15), and investigated the 
product of all num^rs less than N and prime to it. In the latter 
jiaper ho has given a formula for the prc^uct and has also pointed 
out some inaccuracies in the formulae given by others {J, Ind. 
Math. Soc., 14). S. D. Chowla has published a number of papers, 
including a new proof of Von-Sandt's theorem (J. Ind. Math. 
Soc.y 16), some properties of Eiilerian numbers [Tohuku. Math. 
r/., 30), a generalization of a theorem of Wolstenholme (J. Lend. 
Math. Soc.t 5) and a note on Warings theorem on cubes (J. Ind. 
Math. Soc.y 18). R. Vaidyanathswami has written a number 
of papers including the inversion of multiplicative arithmetic 
function {J. Ind. 3fath. Soc., 17), the general theory of multiplicative 
functions {Atti Cangrue Bolopna, 2), the identical equations of the 
multiplicative function Amtr. Math. Soc.yZt), the theory of 

multiplicative arithmetic functions [Tran9. Anur. Soc., 33 ; Bull. 
Amtr. Math. Soc.y 37) and a note on the combinatory analysis 
(J. Ind. Math. Soc.y 10). A large number of papers have been 
contributed by S. D. Chowla on the theory of numbers, including 
a note on a conjecture of Ramanujan {Tohuku Math. J., 33), 
Lendesdorf’s generalization of Wolstenholme *s problem . Land. 
Math. Soc.y 9), a discusrion of the rational solutions of 
» k (Ind. Phys.-Math. J., 3), a theorem in Arithmetic {J. 
Lond. Math. Soc., 9), a discussion on abundant numbers (J. Ind. 
Math. Soc.y 1), and a theorem on the addition of residue classes 
(Proc. Ind. Acad. 5c., 2). 

H. Gupta’s investigations include his note on a theorem ot 
Gauss (Proc. Edin. Math. Soc.. 4), discussion of the potency of 
1, t) (Proc. Ind. Acad. Sc., 2), the minimum partition into 
specified parts (American J. Math., 58), and the decomposition 
into cubes of primes (Proc. Ind. Acad. Sc., 4). He has also a 
paper on the diophantine equation fn* = |«+1 (American Math. 

Monthly, 43). 

vn I . Hydrodynamics. 

A- C. Banerji and R. S. Venna have investigated tidal waves 
in canals with sinuous banks and furrowed bottom (Proc. Camo. 
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PAti. Soc., 1928). They hare also discussed tidal waves in canals 
of varying cross-sections (M€s$. Math., 1929). 

I>. K. Sen has investigated the application of Burgess’s method 
for determining the uniform motion of an ellipsoid of revolution 
through a viscous liquid along its axis of revolution {Proc. Benares 
Maih. Soc., 2). In this paper, the complete equations of motion 
in cylindrical co-ordinates are considered and the solution is 
obtained, by successive approximation. The resistance is cal- 
culated and its value to a first approximation is 

The solution leads to Oberbeck’s and Oseen’s results as particular 
cases. He has investigated the resistance of a sphere due to its 
uniform translation in a viscous liquid. («/. Univ. Bom., 2) 
and also the resistance of general eUi]>$oid moving in a \i8cous 
liquid (J. Univ. Bomb., 4). 

N. N. Sen has a number of papers in hydrodynamics 
dealing with tidal oscillations bi canals with varying breadths and 
depths (Bull. Cal. Moth. Soc., 12). He has investigated tho 
problem of the motion of circular vertex rings mathematically 
without making the assumptions that vorticity and compression 
are constant over the cross-section of the ring and CNDncentratod 
in the circular axis (Bull. Cal. 2fath. Soc., 23). He has 
also investigated the vortex rings in compressible and incom- 
pressible liquids {Bull. Cal. Math. Soe., IS, 17, 13, 14). Ho has a 
paper on liquid motion inside certain cur vj Umar rectangles (Bull. 
Col. Math. Soc., 11). He has also investigated the motion of a 
viscous fluid due to the rotation of two spheroids about thoir com- 
mon axis of revolution {Bull. Cal. Math. Soc., 13), tho motion of 
two spheroids in an infinite Uquid {Bull. Cal. Math. Soc., 14) and 
certain higher order tides in canals of variable section {Bull. Cal. 
Math. Soc., 14), B. B, Datta investigated the stability of rectilinear 
vortices of compressible fluid (PAil. Mag., 40). He also investigated 
the problom of two mutuaUy influencing spheroidal conductors by 
methods analogous to the similar hydrodynamical problem of the 
motion of the spheroids {Tohuku Math. J., 18). B. N. Pal has 
i^estigated in motion of elongated spheroids in viscous fluid media 
(BuB. Cal. Math. Soc., 11) and the motion of an ellipsoid of revolu- 
hon in a viscous fluid in the light of Prof. Oseen’s objection on 
htoke 8 treatment of the case of the sphere {Bull. Cal. Math, 
hoc., 10). K. K. De has worked out the case of vortex motion 
near semi-circular boundaries and infinite straight boundaries with 
wmi-circu^ projections {Bull. Cal. Math. Soc., 21), M. Rav 
n« investigated the motion of viscous fluid due to vibrations of an 
^te cylin^r (BuU. Cal. Math. Soc., 25), due to motion of a disc 
Mag., 21), and due to vibrations of infinite elliptic cylinders 
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(Zeit. Angew. 3Iatk. u. Jl/ecA., 16) and has also discussed the 
stability of a circular vortex. Kelvin’s calculations on the vibra* 
tio!is of a columnar vortex with uniform vorticity are extended to 
a non-uniform vorticity. Also a circular cylinder inside the vortex, 
coaxial with it in its undisturbed position is made to execute small 
circular vibrations and it is show that if the disturbance produced 
is irrotational, the orijiinal velocity must have been uniform 
(BmW. Cal. Mfi/fi. Soc.. 27). He has also investigated the motion 
of an infinite elliptic cylinder in fluids with constant vorticity 
{Froc. Boy. Soc., A, 158). 

N. yi. HjIsSu and H. Sircar have investigated the velocity 
potential of the sound waves due to prescrilxjd vibrations of a 
cylindrical surface in the presence of a rigid and fixed cylindrica) 
obstacle (*ai. Jfath, ifoc., 18). H. Sircar obtains an approxi- 

mate solution for the vibrations of a gas enclosed between a rigid 
and fixed spheroid and a concentric sphere vibrating with a pres- 
cribed normal velocity {J. Ind. M(Uh. Soe., 18). Ho ha.s also 
contributed a p^iper on the motion duo to a system of bodies [Bull. 
Cal. Math. Boc., 22), including the motion of an ideal fluid 
duo to the steady translation of two parallel circular disc s and the 
stojwly slow rotation of two circular dis<*s in a viwous fluid. 

vS. C. Mitra has investigated the steady translation and rota- 
tion of a sphere of viscous liquid with a solid core in another viscous 
liquid {Bull. Cal. Math. 8oc., 14), the motion sot tip in a viscous 
liquid by the rotation of a cylinder whoso cross-section is an elliptic 
lima^on {Mess. Math., 54), and the motion generated in a viscous 
liquid ))y the translation of certain quartic cylinders (Proc. Ind. 
A'isoc. Cult. Sc., 9). 

B. M. Sen, m his paper entitled ‘ Waves in canals and basins ’ 
{Proc. Land. Math. Soc., 26), has found a solution involving an 
orbitrary function, for tho equation which holds at tho free surface 
and the equation of continuity. In particular, a train of simple 
harmonic waves moving in a pivral)olic cylindrical canal have been 
found, which are independent of tho depth of tlio canal. For 
basins also, a general solution for the boundary has been found, of 
which a hyperbolic paraboloid and a cone of the second dogreo are 
special cases. 

S. Ghosh has worked out tho steady motion of a viscous liqujd 
duo to the translation of a tore parallel to the axis {Bull. Cal. 
jMatli. Soc., 18). N. M. Basu has discussed the liquid motion jnside 
rotating arcs of three and four confocal parabolas {Bull. Cal. Math. 
Soc., 11). 

IX. Theory op Elasticity. 

An important contribution to the theory of Elasticity has beori 
made bv B. B. Seth in a paper ‘ Finite strain in elastic problems 
{Phil. Trans. Roy. Soc., 234A). The theory of finite stmm 
has been developed on the hypothesis that the second order 
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terms in the eonipoii&nts of strain may not be noglec tcd. Liko 
the body- stress equations thc«> components liavc been referred to 
the actual position of a point P of Uio material in tlio strained 
condition, and not to the position of a pomt considored boforo strain. 
The metliod has l>een applied to quite a few cus<*s. iiu hiding that 
of a rectangular plate bent into the form of a right cylinder. U is 
interest mg to note that the tension- stretch curve is now not a st ruight 
line as in the ordinary theory, but is xnoro like that found in i»iuctiio 
for some materials. * The imporbuit case of tljo state of .strain in 
an India rubber tubing turned iasido oat together with a fc’W 
further applications has also lx?ea investigMted [Ptoc, Pot/. Sor., 
(A), 156J, A very general solution for the im)>ortant class of two- 
dimensional ph>'sical problems in which the boundary consists of 
two straight linos only, has l)oen investigated by ticth (P//t7. 

20) and various applications of these solution.^ have \toot\ made by 
liim {Quart. J. Math., 5 : Free. Camb. Phil. 6'oc., 30 and Phil. Ma{/., 
22). The fiexuro problem for an isoscolos right-angled triangle 
has been discussed by Seth {Proc. Land. Mftfk. Soc., 37), who bus 
also obtained solutions for other tnangular prisms {Proe. Land. 
Math. Soc.y 41). The caae of a prism whose cross-section is a 
rhombus has been discusaod by him {J. Land. Moth. jSoc., 10). Ho 
has also given a ver>* complete solution for the Hoxure of a lioUow 
staff (Proc. Ind. Aat^. Sc.. 4). 

S. Ghosh has made a series of important and interesting 
contributions to the theory, includijtg sol nt ions corresponding to 
plane strain and stress in rot at mg elliptic cylinders and discs 
(PWr Cal, Math. Soc., 19), solution of the floxute problem of a 
beam whose cross-section consists of (1) a semi-ellips<* Imundcd by 
its minor axis, and (2) an ellipse and two confocal hy[)6rbolas {PuU. 
Cal. Math. Soc., 27), the discussion of the vibrations of a circular 
ring in wliich the term corresponding to the rotatory inertia is not 
neglected {Bull. Cal. Math. Soc.. 27), the solution of the problem of 
piano strain in an infinite plate with an elliptic hole (Pi/ 11. Col. 
Math. Soc., 28), a problem rela*ting to an elastic circular plate 
{Bull. Cal. Math. Soc., 16), certain solutions and applications of the 
equation 0 {Bull. Col. Malh. See., 16), and the bending of 

% elliptic plate, He has developed a method of applioution 
(^elliptic co-ordinates for a class of elastic problems (Prans. .4w/. 
M(Uh. Soc., 32) and has investigated certain solutions relating 
to the problem of dislocation in bodies witli circular boundaries 
{Bw. Cal. Maik. Soc., 17). He has also investigated the stress 
and strain in a rol^g wheel (BuU. Cal. Math. Soc., 25). 

d. Ghosh discussed a case of strain in a gravitating 
heterogeneous sphere (BuU. Cal. Math. Soc., 12). He has also 
mj^stigated several problems of vibration, including the torsional 
^bratiow of a tube {BuU. Cal. Math. Soc., 13 Handbuch dtr 
1 vibrations of an eUiptic plate (Proc. Edin. Math, 
aoc., i«ib), longitudinal vibrations of a hollow cylinder {BuU. CaL 
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Math. 8oc,y 14 and Handbuch der Pkysik, Bd. VI) and the vibrations 
of a rotating circular ring and of a rotating rod {Bull. Cal. Math. 
Soc., 14 and Handbuck dtr Pkysiky Bd. VI). He has also given an 
alternative discussion of the stability of a loaded strut [Bull. Cal. 
Maih. Soc.y 16). 

N. M. Basu and H. M. Sengupta have worked out the case 
of strain in a rotating elliptic cylinder {Bull Cal. Maih. Soc.y 18). 
By an application of the calculus of variations to tho theory of 
elasticity, he works out tho deflection of a uniformly loaded square 
membrane by Ritz/s method {Phil. Mag., 10) and the result i.s 
tested by consideration of an associated problem. The twisting 
couple of an elastic pri.sm of square section wlien subjected to 
torsion about its axis is calculated similarly and is compared 
with the Saint Vetiant result. The resulte are correct to a high 
degree of approximation. In the paper on ' Torsion problem of 
the theory of elasticity ' (Phil Mag.. 10), N. M. Basu gives a general 
method, based on the calculus of variations, which directly 
determines the torsion-function and is applicable to a wide class 
of problems and is specially suitable for numerical calculations. A 
special feature of this method is that the error can always be cal- 
culated by an associated problem. Ho jointly with H. M. Sengupta 
has also discussed the bending of a thin elastic circular plate duo 
to a certain distribution of load (Tohuku Math. J., 33). 

B. Sen has worked out a number of problems, including 
calculation of stresses in a bent beam due to a small elliptical 
bole on the neutral axis (Phil Mag., 12), torsional oscillations of a 
conical rod when a cap extending from the apex is maintained at 
rest (Zeit, Tech. Physik, 14), alternative discussions on the bending 
of loaded plates (Ind. Phys.-Malh. J., 5 ; Phil Mag., 16). In a 
paper entitled ' Effect of small cavities and cracks in a cylinder 
twisted by torsional and shearing stresses * (Zeit. Angew. Math. u. 
Mech., 13), B. Sen has calculated the stresses in a circular cylinder 
twisted by terminal couples, the shaft having a small spherical or 
spheroidal cavity on the axis or a linear flow extending from one 
end to the other along the axis. He has worked out the oase of 
stresses in a rotating disc whose thickness vary according to a 
simple law (Phil Mag., 19), torsional vibrations of cylindrical ro(^ 
under variable forces (Ind. Phys.^Matk. J., 6), and the stresses in 
solids of revolution due to friction acting on their curved surfaces 
(iTid. Phys.-Matk. J., 7). He has contributed several other papers 
on elasticity, chiefly in the BulUtin of (he Calcutta Mathematical 

Society. , , - , . i i 

H. M. Sengupta has contributed several papers, which include 

tho determination of stresses and strains in a semi-infinite elastic 
plate bounded by a straight edge under the action of a couple at 
any point on the straight boundary (J. Ind. Math. See., 18). It is 
found that the lines of stress are s3*stems of orthogonally intersect- 
ing cardioids. He has worked out the case of a thick elastic plate 
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on of whose feces is subjected to a. given distribution of pressure 
(p^y), and applied the resiUts to the case of a circular 

Math. Soe., 18). He has further extended his solutions to 
the case of an elliptic plate {Ind. Pkt/s.-Ma(h. 

The late Dr. P. Das contributed a number of papers on the 
vibrations of the pianoforte strings. In one paper (/»</. As^or. 
for Cult. Sc. Proc., 7). he extended Kaufnann’s work so as to give 
more accurate results bv workuig out the successive functional 
solutions. A graph was plotted showing the pressure of the hammer, 
which increases discontinuouslv by sud<len jumps of magnitude 
2pVffi. The graph bears a close resemblance to those obtained by 
C- V. Raman and S. K. Banerjl by a different method. The work 
was continued in another paper {Ind. As90C. for Cult. 8c. Ptoc., 
9), Ho published papers on the energy of plui*ked string (•/. Physics ^ 
1), the tbeorj* of the elastic pianoforte hammer {Proc. Phys. jSoc., 
40), and the struck string (Wti. Mag.. 6), in which he replied to 
certain criticisms of his earlier work. He investigated the theory 
of the Clarinet in an interesting paper (Ind. J. Physics. 6) and dis* 
cussed the maintained vibrations of the harmonium-reed (Ind. 
J. Physics, 3) due to steady pressure of the bellows. 

X, RBLATmT\' Theory. 

V. V. Narlikar has contributed a number of papers on the theory 
of relativity. He has worked out a general Izat Ion of the Swarzschild 
solution (Phil. Mag., 22), and has obtalnc^l some new properties 
of the world-trajectories in Milne's theory on the assumption that 
the trajectories are described by particles possessing mass (Phil. 
Mag., 20). In a note on 1/orentz transformation, he shows that tho 
linearity may be deduced as a consequence of the wave-equation of 
light and that it is unnecessary to advance the argument of homo* 
geaeity in space-time to account for it (Proc. Camh. Phil. Soc., 28). 
He has contributed a note on the isotsopic solution, in W'liich the 
condition T,' * Is replaced by another suggested by 

Walker (M.U.R.A.S., 95), and has also discussed tho question of 
stability of a particle in a gravitational field (M.y.P.A.S., 96). 

N. R. Sen worked out the covariant analogues of the equation 



and formulated a criterion for testing whether discontinuities of 
derivatives of the metric tensor on a surface are spurious, which 
^n be swept away by co-ordinate transformation, or real, being 
due to a surface density of matter (Ann. d. Physik.. 73). By the 
mtmduction of the A term in the field equations it was shown 
that the De Sitter world is the limiting case of the gravitational 
held within a spherical shell (Ann. d. Physik, 74). It was shown 



38 


PBOORBSS OP SOISKCB IS DJDIA. 


that Einstein's modifieil field equations (with It?,**/? instead of 
have the consequence that an electron of finite radius must have 
three quarters of its total energy of electromagnetic origin and one 
quarter of gravitational origin {Zet. f. Physik, 40 )» and Klein's 
fivo- dimensional wave etj nations cannot rej>rescrit the electron 
wave plienomenon in a gravitational field as it fails to give the 
expected red displacement of spectral lines {Zeit. /. Phys., 66). 
The equilibrium of iticompresslble sphere w'as investigated in a 
paper in M.X.R.A.i>., 04, It was shown that for a given density 
there is sphere of maximum nnlius. and another of maximum 
gravitational mass. In contrast with the classical solution for a 
given density and radius, there are two spheres of different masses. 
A sphere of density 3* lid* gin. /cm.* would have a maximum radius 
of only 1*33 km., and a minimum mass nearly 24 times that of 
tlic sun. N. K. (‘hatterjee {M.X.R.A.S.. %) has shown that for o 
given density and raclius, then* are in some cases two and in otiicrs 
tlircc spheres. N. U. Sen ancl X- K. Chatterjee have investigated the 
equilibrium of jM.lytro|X'H from the standpoint of general Holativity 
{Ziits.f. Aslropfiys. , 7 ). It was found that for high densities the 
results <liffer considerably from those obtained by using classical 
mechanics. S. C. Kar has worked out a solution of Einstchrs 
gravitational equation for tlie field of uniformly cliurged and 
infinite material plane {Phys. Ztiti., 27 ). Later in another paper 
(Phys. Zeit., 28 ) ho made an attempt to uniJS* Electrodynamics 
with Einstein’s theory of gravitation. A new electrodynamics 
based on space time rotation and giving Loreiitz force correctly was 
developed and ultimately combined wnth Einstein’s theory of 
gravitation. 

B. C. Mukherjee has shown {Ind. J. Phys.» 10) that the linearity 
of (one dimensional) Lorents transformation is a necessary con- 
sequence of the invariance of the wave equation and the postulate 
til at if tho velocity of the first reference system witli reference 
to the second is i', that of the second with reference to the first 
is _v. In Zeit. f. Phy9., 101. Mukherjee has solved the electro- 
magnetic wave equation-s in P'riedmann space and has detlucetl 
the conclusions that the wave propagation takes jilace with 
constant velocity and tho wavelen^h decrea-ses as the wave pro- 
gresses, suggesting the immutability of a photon. 

The work on RelatiWstic cosmology by N. R. Sen and N. K- 
Chatterji will be reported elsewhere. 

J. Gho.sh investigated the gravitational field of a heterogeneous 
fluid sphere in which the density diminished from the centre 
outwards according to a .simple law {Proc. hdin. J/aM. Soc., 1026). 
He also discussed th© field of an ideal fluid in which tlio ratio of 
pre.ssiire to density mav be assumed to lie unity {BuH. Cal. Math. 
Soc., 20). He obtained solutions of the gravitational equation.s 
for fluid mass, in which the radial and transverse stresses were 
linearly related (ToAuf'w ^lath. J.. 1920). If was found that the 
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solutions in these general forms included as special cases the solii- 
tions of Einstein. De Sitter and Scliwar/schild. He mvcst.ga^d 
the gravitational field of an electron on the basis of the equation 
V Z-U, k = -^B„ and found that the solution contained a 
tetm t^lch exactly corresponds to the Dc hitler term A inler. 
polated in Einstein’s equations (Zeit. f. Pht/sd-, S5 A'oJure, .Jul>, 
1933k Ho pro veil subsequently that in the fuiulamontal caws, 
viz the field of an emptv space, the field of a material partjido and 
the field of an electron, and also in the of ccrtaui forms of 
radial symmetrv, the solutions of the equations with instcacl ot 
> 0 ^ yielded the De Sitter term (Zeit. f. Ph/sik, 94 ; Nature, Jvily, 
J935). B. Datta lias extondod one of the solutions obtained by 
J Ghosh to the case of a fluid sphere with a nu clous at the centre 

{Zeitf. Phjsik, 103). ^ ...... 

S. M. Sulaiman has put forward a new theory ol relativity, 
which ho hns been expounding in a i‘cgular series of papers publislie.d 
in til© Proc. Nat. Acad. 8c., Atiahabad and in the Indian Phi/^ico- 
Math. J. He starts with the fundamcntAl assumption that the 
velocity of gravitation is finite. Applying this correction in 
NewtoDias Mechanics he has derived the law of gravitational 
attraction as 

OM dOMh* 1 

-“3 


where M is the gravitating mass at the origin, D is the velocity of 
gravitational influence and O is the gravitational constant. Treat- 
ing the extra term as a small disturbing force, 

(1) the advance of the perihelion comes to 

Qwfi} 


This is identical with Einstein's value in Relativity, winch 
has been confirmed by Newcomb's observations. 

(2) The doflection of light particle from a star past the Sun 
lies between 

10^ , 

3D*R D*R ' 


This lies between 4/3 and 3/2 times Eii^tein's value, the 
larger values having been confirmed by Freundlich. 

(3) The spectral shift of light from any part of the Sun is 


where R is the shortest distance from the Sun, a is its radius and a 
is the angle between the line of sight and the radius. « QM, 
and D equals the velocity of light. 
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This yields the same value as Einsteins at the centre, but gives 
double the value at the edge. The larger value has been confirmed 
by Evershed. 

Equations of the orbit for a - i in terms of ^ and 0 in terms 

of u have been obtained in Weierstrass*s function. The Two 
Bodies Problem is simple. The potential function for the Three 
Bodies Problem also has been obtained. 

He is also engaged in developing a new Theory of Light a part 
of which appears in Ind. Phys.^Math. J., S (1937). 


XI. Statistics. 

Researches in theoretical statistics was started in India about 
a quarter of a century ago by Sir Gilbert Walker. In his earlier 
work on the correlation of seasonal variations in weather, Sir 
Gilbert Walker had been using the ordinary expression for the 
probable error of coefficient of correlation. He however soon 
realized that this test was applicable only to correlation coefficients 
selected at random, and not to those selected out of a number 
on account of their high magnitude. In 1914 he published the 
Walker test which is applicable to such cases (if cm. Ind^ 2fet. Dept., 
21 (9)]. Recently this test has been extended to the case of more 
than one coefficient of correlation by S. R. Savur Dept. Sc. 
Notes, 49). The next step in judging the reliability of correlation 
coefficients which had not been selected at random but because 
of other considerations was taken in 1031 by C. W. B. Normand. 
He devised a simple performance tost by which the significance 
of any coefficient of correlation can bo judgc<l on the evidence of 
actual success in forec^asting achieved in practice {Quar. Jour. Poy. 
Mel. Soc., 58). Applications of the performance test to various 
meteorological problems have been also considered by Savur 
[Ind. Jour. Phye. 8 (1) ; Sankhyd, 2 (1)]. He has recentU' considered 
a problem in inverse probability [Proc. Ind. Acad. Sc.. 5 (3)), and 
has independently [Thompson, Ann. MatA. Sfa/., 8 (3)], pointed 
out the advantage of using the median for tests of significance, 
the results being independent of the nature of the jmrent populations 
from which these samples are drawn. 

Researches in theoretical statistics arc also procce<liiig in the 
Statistical Laboratory, Calcutta. P. C. Mahalanobis investigated 
the effect of errors of observations on coefficients of correlation 
in connexion with the localization of the seat of activity in upper 
air [Mem. Ind. Met. Dept., 24 (1) and 24 (2)). Later he found 
it necessary to devise a coefficient (called D*) for measuring the 
amount of differentiation existing between different statistical 
groups [J.A.S.B., 23 (3)]. A little later he gave the moment 
coefficients of and showed that the distribution w*as of Pearsonian 
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TVM III when the two samples are drawn from ihe sjimc iiormnl 
Satlon Results of estinsive artificial sampling cxix-nment 
Liberating the theoretical forrav.lae was also given at the same 
time [J.A.S^B.. 26 (4)]. The problem of ' 


assumption that the population “"5^ • I 

identical and kno^Ti [Sankhf^d. 2 (2)]. S. N. Bose ^ 

of his inTestigations on the moment coefficienfs of D \SatfUitja, 

2 (4)1 reached certain fundamental differential and integral equal ioiin 
connected with the normal multi variate correlated populatum 
fiSanitAvd, 3 (2)1. These two papers are likely to mark a new starting 
point in resea rehes in the genenil theory of multi •dmicuMoiiHl 
frequency distributions. 

R. C. Bose published a short note on the application of hyper- 
space geometry in statistics [Sankhyd^ 1 (2, 3)]. More recently 
hypcrspace geometry, matrix and multi-dimenaional vector methoaK 
were used by P. C. Mahalanobis, R. C. Bose and S. N. Roy [Sanaviyd, 
3(1)], for constructing a new type of rectangular co-ordinates with 
the help of which moat of the sampling distributions connected with 
the normal multivariate correlated populations can be obtained in a 
simple manlier. 

S. S. Bose gave the exact distribution of the ratio of variances 
(Fisher’s ‘ 2 ’) for the case of correlated variates {Sankki/a, 2 (1)]. 

An early table for i«tests was calculated by P. C. Mahalanobis 
[Sankhyd, I (1)] and was followed by S. S. Bose’s tables for testing 
the significance of linear regression 1 (2, 3)] and 

Mahalanobis *s table of random samples from a normal population 
[Sankhyd, 1 (2, 3)]. Extensive tables for the i)*-statistic have also 
been completed and will bo shortly published. 

Very recently papers on special problems have also appeared ; 
e.g, A. A. Krishnaswamy Ayyangar’s papers on tlic moment co- 
efficients of the hypergeometric series [Btom. 1926^ 1934 ; Jour. Ind. 
Math. Soc., I (4)] ; S. Su bra man ian’s note on a property of partial 
correlation {J.B.S.S., 98) ; U. S. Nair’s paper on the standard 
error of Gini’s mean deviation (Biom., 28) ; K. C. Bnsak’s application 
of tribonometrical functions in the calculus of finite differences 
2 (4)] ; and K. Raghavan Nair’s study of lagging correla- 
tions between two random series {J.R.S.8.t 99) and notes on Karl 
Pearson’s work on limits of marked members in a sample {Biotn. 28) 
and the exact distribution of A, [5onitA^, 3 (2)]. 

R. S. Koshal applied the method of maximum likelihood 
for the improvement of curves fitted by the method of moments 
[J.R.S.S., 96 (2)]. N. K. Adyanthaya worked on small samples 
drawn from non-normal populations (Biom. 20 A, 21), A. V, 
Sukhatm© on the theory of sampling from a finite population 
[Sankhyd, 2 (1)] and P. P. N. NA 3 *er on the application of Neyman 
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and Pearson’s Zr- tests {Biom. Rts. Mem., I). P, V. Siikhatrae 
developed tests of signifies nec for samples drawn from an exponential 
population {Biom. Bes. Mem., I), the sampling distributions of 
which are identical with those of the corresponding tests for normal 
populations. He has also worked on the theory of representative 
sampling first developetl by J. 8. Xeyman {J.R.S.S., 1935) and 
on partition function.^ with R. A. Fisher. 


XII. iVllSCELLAN EOVS . 

Besides the work nmlcr different heads detailed above, mention 
must bo ma<lo of the work of S. K. Banerji who is the author of a 
large number of original papers in the field of SoUmology, 
Meteorology, Terrestrial Magnetism, etc., which will bo reported 
elsewhere. Mention may he ma<le here of a few of his theoretical 
papers, including * Tlje Electric Field of Overhead Tlnmdorclonds * 
{Phil. Tran4. Boy. Boc.y 231 The Depth of Earthquake Focus 
{Phil. Mag., 49), Micros<*isiiiB associated with disturbed weather in 
the Indian Seas {Phil. Trans. Boy. 3oe., 229 A), propagation of 
chvstic' waves in isotropic heterogeneous medium {Bull. Cal. Math. 
Boc.y 12), discontinuous fluid motion under different thermal condi- 
tions (7nd. J. Physics, 7), the effect of mountain -ranges on air motion 
{Ind. J. Phys., 5), vortices on the monsoon front {Nature, 122), 
diffraction phenomena in the testing of optical surfaces (Nature, 
1017), aerial waves generated by impact {Phil. Mag., 32, 35), 
vibrations of elastic shells partly filled with liquid {Phys. Bev., 13). 
spherical waves of finite amplitude {Bull. Cal. Ma^h. Soc., 11), 
electromagnetic waves due to electrical oscillations on the surface 
of a tliin spliorical shell in the presence of a non -concentric con- 
ducting sphere {Bull. Cal. Math. Soc., 5), harmonics associated 
witli an ellipsoid {Bull. Cat. Math. Soc., 10), notes on Legendre and 
Bessel functions {Bull. Cal. Math. Soc., 12, 8; J. Ind. Math. Soc., 
14), (he artificial vibrations of ground {Ind. J. Pkys., 8) and oloctric- 
charges of rain drops {Nature, 130). 

J). P. Banerji has published several papers on Legendre Func- 
tions {Ind. Phys.- Math. J., A), electrification of two and three 
co-axial circular and elliptic discs {Ind. Pkys.-2(alh. J., 5, 8) and 
certain motions of vbcous air past given obstacles {Ind. Phys.- 

Math. J.,7). , , . . z. L 

The History of Mathematics has been the subject oi research 

of a numltor of* authors, among whom are B. Datta, who has just 
(‘omplete<l the first volume of n history of the early Indian Mathe- 
matics and S. K. Ganguli, who is the author of a number of im- 
portant papers on Ancient Indian Mathematics. A. A. Krishna- 
swami Ayvanger and P. C. Bhattacharya are also authors of a large 
number of papers on Hindu Astronomy. 
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XIII. JOUBKAI^ AND SOCIETIES. 

The two societies which have been entirely ;lcv«tcd to tiialhe- 
matics in India are the Calcutta Mathematical .Society an. tin 
Indian Mathematical Society, founded almo-^t s!multi.nw.u> ,\ m 
1907-8, The journals published by them are r^.RIx•ctl^<- > lU. 
Biilleiin of the Calculla Molhematical Society and the Joii. nul of the 
Mian ilathvnfdkal Society. Besides these, mathcniatioa,! p.ipers. 
almost on all subjects, appear, in some ea-scs quile ivs.ilnrl.N - m t he 
following journals : Indian Journal of Physics ; P.'ocn^ing^ <'f the 
Mian Academy of Science, ProceeJings of the R ational Aceflemy of 
Sciences. Proceedings and Transactions of the ^ al,on(ll nj 

Sciences, Scientific Xoles of the jl/e/eorolo?im/ De]>arh„e„l. J he 
Indian Phyaico-Mathematieal Journal. Bombay f.'tmv?r4iti/ Jomnul 
BulUlin of the Patna Science College Philosophical •'Society. Central 
Board of Irrigation Pufclicationa and Mysore Vmvirsily Half- 1 larly 

Journal. , . , 

In conclusion the utithor w'ould [Ike to express his iKnvrttelt 
thanks to the gentlemen who have kindly ai»sisfe<l him in com- 
piling the materials and in particular to Dr. J. Ghosh for hia 
unstinted assistance in compiling and arranging them. 
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I. Introduction. 

During the last quarter of a centur3\ the need for dcientific 
research bae gained wider recognition in India due» in no small 
measure, to the efforts of the Indian Science Congress. The pioneer 
researches of Sir P. C. Ray and his pupils at the Presidency College, 
Calcutta, created a spirit of enquiry among young chemists which 
in the early years was well fostered by Watson at Dacca and by 
Travers and Sudborough at the Indian Institute of Science, 
Bangalore. The facilities for chemical research were considerably 
increased in the period immediately following the Great War, and 
there are now well^equipped laboratories in the Universities of 
Calcutta, Dacca, Benares, Allahabad, Punjab, Aligarh, Bombay, 
Madras, Patna, Nagpur, Hyderabad and Waltair and in the Indian 
Institute of Science, Bangalore. Facilities for biochemical research 
are now available at the All India Institute of Hygiene, Calcutta, the 
School of Tropical Medicine, Calcutta, and at the Institute 
of Nutrition, Coonoor. The Cotton Technological Laboratory 
at Bombay, the Institute of Sugar Technology at Cawnporc, and 
the Lac Research Institute at Ranchi are examples of institution^ 
Intended for solving problems of specific industries. Besides 
the above, the Agricultural and Industries Departments of the 
Central and Provincial Governments have become more keenly 
alive to the needs of research and are maintaining a fair number 
of research laboratories. 

Accordinglj’, chemical researches in India during the penod 
under review have, as is to be expected, proceeded along "'any 
directions and have produced a literature which cannot possibly 

{ 44 ) 
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be summarised with any semblance of justice in the ^ ^ 

^posal of the author. He, tiierefore, feels called upon to 
to ^numerous workers in India whose researches lay in directions 
Sher ILan those included in the present survey or who^ work 
could not be mentioned for want of space. A section on agi i< ultural 
chemistry is not included in tl.is report in the liopo that tl.c chapter 
on Agri^tural Research will deal with the^ problems 
An alology is also made to the possible readers of this report who 
would unavoidablv find the description given below citl.er sketchy 
or even unreadable. Such reviews can rarely escape an inherent 
defectr-defect due to the inclusion of large amount of materials, 
which are not interrelated and cannot be welded into an organic* 
whole Even then, the author is conscious tliat he lias exercised 
his discretion in a way which is apt to be described as arbitrary 

or unbalanced. , . ,, t\ r ir 

The thanks of the author are due to his colleagues Dr. J* 
Cbowdhury, Dr. S. S. Guha Sarkar and to Dr. K. P. Bnsu for their 
willing help and for their considerable share m tlic preparation ol 
tlie report. He also takes this opportunity for thanking his friends 
IWessors J. N. Mukherjee, B. B. Dey, H. K. Sen. J. N. Koy, 
M. Quereshi, S. S. Joshi. B. C. Guba, P. C. Guha. V. Subrahmanyan, 
T. S. Wheeler, P. R. Ray and Messrs, P. 0. Banerjec, T. P. Banorjee, 
and B, C. Kar for furnishing the materiab which have been freely 
incorporated in this report. 


II. Physical CHCbnsTRY. 

Researches in physical chemistry have been undertaken in 
several laboratories with a view to elucidate 
Induced and ^he mechanism of chemical reactions, taking 
tfont^*^^ place in the dark and under the influence of 

light and electric discbai^e. Early in 1915, 
Dhax began his important studies on induced reactions, and observed 
that organic substances like oxalic, malonic, and hydroxy acids, 
hydrazine hydrochloride, etc. could reduce at ordinary temperatures, 
salts of mercury, silver, gold and copper in presence of many 
oridising agents acting as inductors, the amount of reduction 
being the greater the larger the amount of inductor and actor. A 
gene^saticn of considerable value which we owe to Dhar and his 
collaborators is the rule that the temperature coefficient of an 
uncatalysed reaction is much higher than that of the same reaction 
in presence of a positive catalyst. Thus, for example, the velocity 
of reaction between chromic acid and formic acid is considerably 
increased by the presence of sulphuric acid, but the temperature 
coefficient of the resiction correspondingly decreases. This observa- 
tion is also true in the case of photocataiysed reactions. The 
temperature coefficient of the dark reaction between potassium 
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oxalate and halogens was found to be mucli higher than that of tlje 
coiTesj)onding photochemical reaction. 

Contrary to the obserration of Lindemann, Dhar, Banerjee 
and Bhattacharya found that the hydrolysis 
acUo^o/tr^lc^ '? aec-eleraU-.l by tropical ‘sunliglit. 

sunlight Such powerful ra<liatxons were also effective 

in decomposing potassium nitrate and potas.>«hnn 
chlorate (Dhar and Sanya!) and in bringing about reaction between 
sulpimr dioxide and oxygen at ordinary temperature. Dhar and 
Atma Ram claim that solutions (5%) of bicarbonates of the alkali 
metals on exposure to sunlight for about 4 hours in thin layers 
in dishes covered with silica plates at temperatures not exceeding 
• 10 %'. gave formaldehyde as detected by Sohryver’s reagent, 
Qnreshi working at the Osmania University could not confirm 
this observation, Another highly interesting observation of Dhar 
and Cliakraborty is the detection of nicotine and amines on the 
exposure of dilute solutions of ammonia, formaldehyde, and eupnc 
salts in presence of catalytic surfaces like ZnO, TiOg, etc. to tropical 
sunlight for 80 hours. Potassium nitrate with glucose under 
similar conditions gave tests of arginine and with glycol gave 
glycine. Longer exposure causes the disap|)ea ranee of the amino- 
acids (hie perhaps to photo-oxidation, Dhar and collaborators 
(Rao, Biswas, Bhattacherjee, Mukherjee, Tandoii) have shown tlnit 
tropical light plays an important part in the phenomenon of nitrogen 
fixation, nitrification and amraoni£cation whicli arc believed to 
l>e mainly oxidation reactions. They made numerous compnrnlive 
experiments on the oxidation of ammonium salts to nitrite and of 
nitrite to nitrate with both sterilised and unsterilised soils kept in 
light and in the dark ami found that the formation of nitrite and 
nitrate was always much greater in vessels exposed to light than iti 
those ke))t in the dark. They also observe<l that ami no- acids are 
readily oxidised to ammonia In air and light. The amount of the 
nitrate in Northern Indian soil was found to be maximum in 
summer, and as most of the bacteria arc likely to be killed owing 
to the high temperature prevailing in the soil, it is concluded that 
light plays an important role in the nitrification in soils. The 
practice of increasing the fertility of soils by exposing fresh surfaces 
to sunlight thus finds a satisfactory explanation. 

Intensive studies of many photochemical reactions have been 
made by J. C, Ghosh and collaborators at 
Photobromlna- with a view to unravel the mechanism 

of such reactions. In the dark reaction between 
bromine and organic hydroxy acids, the reaction is initiated by 
active molecules of bromine and then propagated by chams where 
free bromine molecules are activated by collision with ‘ hot ’ mole- 
cules of reaction products. The chains are broken by Brj-lon, an<l 
a satisfactory explanation has been put forw'ard for the observation 
th«at with diminished chain-length, the bimolecular dark reaction 
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with resoect to bromine degenerates into unimolecutar reaction in 
SSence^f bromine ion. The corresponding photochemic^ react, ..n 
Tho^ver due to the formation of bromme atoms produced by 
niioTodissociation of bromine moleeules the mochan.s^ of he 
Lbseciuent chains being similar to that of the dark reacUon. 1 >i 
compllte absorption of incident radiation ,t neces:^arily f<,!lo«s 
thaAhe photochemical reaction is unimolccular «itl, icspcct t 
bromine and is zero molecular in the presence of hrominc ion. 

In those eases of photobroraination, however, where tlie rc-iiction 
consists in the addition of two broinuie atoms to an uii.saturatcd 
molecule the chains are propagated hy the formation of tii.itomic 
bromine molecules bv the reaction of a bromme atom witli a bromine 
molecule ; the considerable influence of the acc'cptor nioleeulo 
on the velocity of phot obrominat ion which was overlooked h.N 
Bertboud has also been explained (Ghosh and Pnrakayastha). 

A smaU induction period was obsen-ed wluoh was followed by an 
after-effect when the source of iUuminatiou is witluirawii. i ns 
proves unmistakably that there must bo some immediate complex 
formation. Berthoud’s method of varying light intensity hy 
the use of rotating sector U in this case open to an obvious object u.n. 
The temperature coefficient of these photochemical reactions, 
which U approximately 1*4 for 10^ rise, has been ascribed to the 
energy of activation in the reaction Br+Br^-^Bri, the activation 
energy of 11,000 cal being the energ>* difference between the 2*pg 
and states of the bromine atom (Ghosh and Bhattachary)*a). 

Interesting results have been obtained indicating that quantum 
yields are generally the greater, the shorter 
the wavelength of tlie exciting monoehroiuatio 
radiation. Thus in the reduction of ferric 
salts by lactic acid, the quantum yield dropped 
from uiiity to 0*4 when the wavelength diminish- 
ed from 390 ^|a to 48$^. In the more complex 

C )tobromination of cinnamic acid, the chain-length diminished 
m 55 to 28 as the wavelength increased from 35C to 545^fi (Ghosh 
and Purakayastba). Similar dependence of quantum yields on 
the wavelength was observed in the photobroniination of acetyl- 
enedichloride, and the interesting observation has been made that 
the chain-length of the reaction in the pare gaeeous phase is much 
greater than in solutions of carbon tetrachloride, which indicates 
that even an inert solvent molecule whose dipole moment is zero 
can sometimes break the chains (Ghosh and Bbattacbaryya). 
Studies of photochemical reactions under the simultaneous influence 
of two monochromatic radiations have revealed the fact that where 
the primary process consists in the photodissoeiation of the mole- 
cule, as in the case of bromme, the total effect of two simultaneous 
radiatioDs is less than the sum of the individual effects. This is to 
be expected because the velocity of reaction in such cases is propor- 


Quantum 
rUlds as depeo- 
dent on the wave- 
length of exciting 
radiation 
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tional to the square root of the absorbed radiant energy (Ghosh and 
B ha t tachary ya ) . 

Bhar and Sanya 1 have shovm that the bimolecular reaction 
_ between po’tassium oxalate and mercuric chloride 

otosens i rs unimolecular in presence of light and 

the photochemical reaction is further accelerated by ferric, 
aluminium, nickel, cobalt and uranyl ions. In the near ultraviolet 
region, uranyl salts have been found generally to act as photo- 
catalysts (Ghosh, Banerjee, Bhatta, Naniyanmurti, Ray). For 
example, the dehydrogenation of siiccinnic acid and mandelic 
acid by methylene blue can be effected by a uranyl salt as a photo- 
catalyst whicii thus .simulates the action of dehydrogenase. Iodine 
has been found to act as a pholocatalyst in the isomeric transforma- 
tion of allocinnamilidine acetic acid into the normal form, In 
solvents of high dipole moments like alcohol, the excited iodine 
molecule acts as photoseiisitizor, and the velocity of reaction is 
proport iona 1 1 o t he in ten.-^it y of a bsorbed ra d i a t ion . W ith i ncrca sing 
concentration of io<line, the velocity of reaction paswes through 
a maximvim which is also true of fluorescence capacity. In solutions 
of benzene and carbon tetrachloride, the mechanism of reaction 
is entirely different, iodine atoms derived from photodissociation 
acting as catalyst ; contrary to general expectation it has been 
found that the quantum yield in the latter solvents diminishes 
as the wavelength of the exciting radiation diminishes (Ghosh, 
Mitra, Narayanmurti, Das Gupta). Dhar and collaborators are 
of opinion that the primary process in photochemical reactions 
with iodine need not be the photo-dissociation of the molecule, 
because radiations of wavelength which aro incapable of dis- 
sociating an iodine molecule have been found to be active in 
photoiodination. Extensive studies on the photocatalytic activity 
of micro -heterogeneous systems have also been made (Ghosh, 
Banerjee, Nundy, Mukherjee). It has been shown that at pH 
below 7 a large number of organic substances like sugar, alcohol, 
and aldehyde can be oxidised by hydrogen peroxide with photo • 
sensitizers like tungstic acid sol, molybdic acid sol, vanodic acid 
sol, chromic tungstate sol, etc. The important observation has 
been made that if the sols aro exposed to active radiations for 
several hours just before thev are mixed with the other reagente 
to form the reaction-mixture, the long induction period generally 
observed in such cases disappears. When the concentration ot 
hvdrocen peroxide is not too small, the velocity of reaction is 
itidciH-ndcnt of the concentration of H,Ot, and is proportional to 
the Square root of the absorbed radiation (360#*/*). The influence 
of vK appears to be peculiar in that in many cases the velocity 
pas^s through a maximum with increasing pH. The photo- 
cxcited sols thus simulate the action of peroxidase. 
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Bbatnagar, Lai and Mathur have studietl tfic avtioii of polnr^vd 
light on bacterial growth and animal metabok^m 
Pbotocbemical claim to have observwl a diftorcntial cfl'ect. 

^^*^*^**’ Bbatnagar and Anand also found differences 
iu the velocities of reaction when |)olarl><‘rl and 
impolarised light are allowed to act upon surfaces of soclitim {in<l 
potaasiam amalgam under water. Ghosh and Kap)>anjia. <*arly 
in 19'2Q. made a very careful study of the phohKleeompo«^ition 
of potassium mangauioxnlatc, which is a racemic mixture, by d and 
I circularly polarised light. The quantum efficiency was found 
to be unity, hut no preferential decomjx>-itum of either of the 
optical isomers could l)e detected, as wais later observed in the 
classical investigation of a similar reaction by Kuhn. 

The phenomenon of eheniilumincscence has Ik'd! ntudidl by 
Bbatnagar. Dhar and liieir pupils. A lattte 
number of dyes dissolvctl in various .solvents 
have been found to emit light when o.\ id ised by 


ozonised oxygen. 

Bhatnagar» Sbrivnstava, Mathur an<l Shurma luive studied 
the Tesla •luminescence spectra of iodine and 
found that the fluoresmur term in the band 

spficirA « A • « f 

equation onses from c*mi»sion ot energy 
as the molecule returns from the higher excited .-tale to the 
meUsUble ’2pi state. Ghosh and Sengupta have measured the 
extinction coefficients of chlorophyll a and chlorophyll ^ and their 
mixtures iu acetone solution and tbeir emulsions in water with 
the help of lecithin. Many plant physiologists are of opinion 
that the chlorophyll in plant leaves exists in a state of true soUitiun 
in lipoid bodies which in their turn remain suspended in aqueous 
medium as dne colloidal particles. The general nature of the absorp- 
tion curves did not varj', though the values of the extinction 
coefficients changed considerably. Considerable increase in the 
values of extinction coefficients has been observed when uninyl, 
ferric, mercuric and copper salts are mixed with organic substances 
containing hydroxyl or carbonyl groups and attempts have been 
made to explain the results quantitatively on the hypothesis of 
formation of molecular complexes (Ghosh, Mitra, Rangaeharya. 
Chakra varti). These observations have been extended by Dhar 
and co-workers who find that there Is always an increased absorption 
of radiation when substances capable of reaction are mixed together. 
The full implication of this generalisation has yet to be worked out. 

Ghosh has given a quantitative form to the theory of Willstatter 
Carbon Assimi* Stoll regarding carbon assimilation by 

lation photosynthetic activity of chloroph}'!! and 

. has shown that his equation is in agreement 

^ data of Harder on photosynthesis by fontinalis and those 
”^^t»urg on photosynthesis by chlorella. He has also studied 
the mechanism of photochemical reduction of methyl red by 
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Photovoltaic 

colls 


phony 1 hydrazine with chlorophyll as sensitiser. Dhar and Gopala 
Kao have observetl that the amount of carbon monoxide obtained 
from carbon dioxide subjected to radiation from a 500 watt lamp 
is considerably greater in presence of chlorophyll than in its absence. 

In agreement with the views of Perrin. Ghosh has postulated 
that under the influence of intense radiation, 
fluorescent molecules of electrolytes may undergo 
polymerisation by way of an intermediate 
unstable molecule and that a noble metal electrode dipped in such 
solutions indicates reversible £.M.F. due to possibility of electron 
tran.sference by such intermediate unstable molecules. On this 
basis, he has developed the following equation for photovoltaic 
cells : — 

E = 0 050 logio tanh 

whore / is the intensity of radiation and t is the time. ThU equation 
has been found to give an exact quantitative interpretation of the 
accurate experimental data of Rule on the rate of development 
of E.M.F. in photovoltaic cells containing fluorescent electrolytes. 

Important researches on this subject are now in progress 
in the laboratories of the Benares University 
Chemical reac. under Professor Joshi, who has studied the 

d“rcharfi* decomposition of N,0, NO, NO*, SO*, SO,, PH„ 
trie discharge berisenc and paraffins, the 

interaction in H*. O, and H*, Cl, mixtures, deactivation of netive 
nitrogen, latent image and ' corona pressure ’ effects. It has l.ccn 
observed that when a cliangc is producible ordinarily only at high 
temperatures, its products due to electronic and thermal activation 
are analogous. Materials which, however, decompose at low 
temperatures give verv different products wlien ptwluced electro- 
nically and thermally.' Results with spark discharges resemble liigh 
femjwnitnre pyrolysis. Velocities of reaction were found to be 
markedly depre.ssed by traces of impurities liaving large electron 
affinity. The occurrence of a chemical reaction under electric 
cli8< hargo is chanicteriserl by a minimum required voltage across 
the reaction space which may be called ' tlireshold potential . 
The combination of chlorine with hydrogen iiniler coronas in 
Siemen's tubes was studied in regard to tlie thre.shold potential 
under a wide variety of conditions. Oxygen and ammonia whicli 
retard this photochemical reaction, also increase consideral. y the 
thrcsliold potential. Studies of ionisation current during 
decomposition have given marked indications of intermediaW 
stages, and the reaction mechanism is best visualised in terms ol 
i liains set up along the trajectories of the moving loris, the length 
of t^e chains being similar to that of photoehem.ca react mn. 
Tt has been observed that the pressure of a gas subjected to dis- 
iliarge is in small excess over that indicat<^ by the 
of the system and that this excess is sensitive to applied fields. 
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A spectral shiA indicative of deactivation occurs in the aAor ^rlow 
of active nitrogen when exposed fotlie aerial effect from an inter- 
mittent and condensed spjirk discharge. Bhatnagar. S harm a jind 
Mitra have also studied some chemical reactions under clcctrotleless 
discharge. 

J. C. Ghosh has atteinptc<l to explain the pro|x*rties oi strong 
electrolytes on the hyjiothesis of complete 
Electrochemis- dissociation, the ions however In'ing siihjecd to 
*itv Ov^Aoliake ^OTCss of eoulomh at tract ion. The exact Cjuaiiti- 
' tative formulation of the hypotliesis later on 

by Debye and collal)oratoi‘S form a landmark in the <level<>pment 
of elect roohe 111 istry. Kappiina has studie<l the velocity of ionic 
reactions from the standpoint of the concept of ion-activity, and 
Mukherjee ha.s formulated the <'onditions which luu.st be satisfied 
in ordertliata sharp boundary may be mnintuinod in experiments 
designed for the measurement of transference nunil>cr.<. Ghosh 
has observed that the hydrogen a ml oxygen overvoltage at noble 
metal electrodes can be considerably rod need by tlie .<u pc rim posi- 
tion of a high frequency alternating current from small induction 
coils, and in some cases the true decomposition potential can be 
measured with the aid of thin device. 

I. R. Rao has studied the Raman spectra of solutions of nitric 
acid and found 4 lines due to undissoeiatetl HNO 3 molecule, and 
3 lines due to NO^-ion : measurement of relative intensities at 
different concentrations led to the conclusion that the dissociation 
of nitric acid increases with diminishing (concentration, but the 
degree of dissociation is much liigher than that calculated from 
molecular conductivitj*. It is considered that Raman results 
gave the tnie degree of dissociation. 

Very important studies on the properties of emulsions have been 
Colloid Chemls- Bhatnagar. Using emulsions of pure 

try ; Et^islons* aniline in water, where at 46®, gravity influences 

are eliminated by equal densities of the two 
liquids, Bhatnagar observed a close similarity between such 
emulsions and colloidal suspensions and observed that electrical 
factors outweigh the effect of interfacial tension in determining 
the stability. He found that the order of coagulating efficiency 
of ions is given by Al>Or>Ba >Sr>K>Na. Investigation of 
volume relations in emulsions of olive oil In caustic potash 
solution indicated that the phase ratio at the inversion point 
merged from 74 : 26 in dilute alkalis to 89 : 11 in higher oonoen- 
trati( 5 n and Bhatnagar concludes that this change is due to a 
gelatinous film enveloping the oil globules. Recognising that the 
presence of free alkali and free fatty acid makes the system more 
complex. Bhatnagar investigated 'the inversion of paraffin oil 
emulsions by various soaps and observed that the invertinc 
ca^city of the electrolytes follows the order Al>Cr>Ni>Pb 
>Ba>Sr. In all cases it was found that the amount of electrolyte 
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necessary to effect the reversal of phases increased as the volume 
of the aqueous phase was increased. Replacing soaps by insoluble 
suspensions of zinc hydroxide, lead oxide, casein, lecithin, rosin, etc. 
Bhatiiagar concluded that all emulsifying agents having an excess 
of negative ions on them and wtted by water will yield oil-iti water 
emulsions, while those having an excess of pasitivc ions and wetted 
by oil will give water* in oil emulsions and enunciated the 
following rule : — An emulsion of water-in oil can be transformed 
into one of oil-in w’atcr b^' electrolytes having reactive anions 
like OH or PO®, and the reverse transformation is favoured by elec- 
trolytes having reactive cations like H+, A1+++, Th++++, etc, In 
the course of his work, Rhatnagar lias dcveloperl a neat methcKl 
based on measurement of electrical conductance for determining 
accurately the inver.'^ion point of emulsions. 

In 1021-1922, J. N. Mukherjee developed a theory of double 
Ia>'er and of the electrical adsorption of ions 
in which the part played by the lattice forces 
in the adsorption of constituent ions by polar 
precipitates an<i in the origin of double laj'or was emphasised — a 
point of view later postulated by Fajans an<l develope<l by him 
and his co-workers in connection with their work on adsorption 
indicators. 


ElectrochemU- 
try of Colloids 


In contrast with Gouy*s theory of the diffuKC double layer 
which keeps the manner of origin and distribution of charges in 
the double layer vague and open, Mnkherjeo postulated that the 
electrical double la^'er surrounding the colloidal particle should be 
considered to be composed of three parts r (1) the primarily ad- 
sorbed electrolytic ions held on the surface by lattice forces, (2) 
a secondarily adsorped layer which is also fixed on the surface, 
and (3) a diffuse layer insisting of mobile ions. Mukherjeo’s 
theory affords a simple explanation of the cation series (lyotrope) 
often met witli in colloidal systems. 

There is now a flourishing school of colloid chemistry in Prof. 
Mukherjee's laboratory at Calcutta, where researcli work has been 
conducted on the following subjecU : — 


(i) The coagulation of colloids. 

(ii) Ionic antagonism. 

(iii) Tlie conditions to be satisfied for reliable measurement?^ 

of cataphoretic speeds by the method of moving 
boundaries. 

(iv> The variations of cataphoretic speeds (o) with the 
concentration of different electrolytes, (6) on the 
addition of non -electrolytes, and (c) during and after 

coagulation. , , 

(v) The surface charge of polar precipitates and the variation 
of tlie charge on the addition of different electrolytes 
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juid the reJntioiJ of the charge to flic adsorption of 
• ions. 

{yi) The surface cliarge and adsorption of inns by a<-tivatcd 
charcoal. 

(vii) Development of an acid or alkaline roaclum on the 
double decomposition of neutral salts of strong 
acids and strong bases and on the iiiteniction of such 
salts \nth insoluble substances. 

(viii) The eleetrochemieal properties of colloidal solutions 
of pure inorganic substonc-cs and tlieir eh a rnei eristic 
properties which distinguish them from true solutions 
of electrolytes. 

(ix) The measurement of the rato of migration of electrolytic 
ions under a known potential gradient and investi* 
gntions on the concentration adjustments near the 
boundary of two electrolytes. 

(x) The electrochemical properties of hydrogen clay, 

The accurate method of measuring the cataphorotic speeds 
of colloidal solutions developed by Mukherjee, CKaudlmry and 
others is basecl on a recognition of the Kohlrausch ‘Weber theory 
of ionic migrations and enables one to follow' the potential cKangos 
at and near the boundary. The variations in cataphoretic speeds 
studied with the help of this method and the microcataphoretic 
method « show among other things that (a) coagulation rarely 
takes place at the isoelectric point, (6) it Is not justifiable to speak 
of a critical potential characteristic of the coagulation stage > (c) the 
cataphoretic speed generally increases on aggregation, (</) there is 
a sudden drop in the speed in the final stages of aggregation, (e) the 
adsorption and desorption of ions can be followed in many eases 
from variations in the cataphoretic speed » and (/) non -electrolytes 
influence the cataphoretic speeds either by altering the adsorption 
of oppositely charged ions or by changing tlie dielectric oonstixnt 
of the double layer. 

H. L. Ray, J. K. Basu and P. N. Kundu have shown that 
neutral polar precipitates purified with great care, e.g., silver halides, 
have a negative surface charge and adsorb very strongly its consti- 
tuent ions. For ions which can form insoluble salts with one of 
the constituent ions, the order of adsorption does not always agree 
with the order of solubilities. These observations have been 
corroborated by later workers using other methods. During the 
double decomposition of barium chloride and potiissium sulphate, 
an acid or alkaline reaction may develop and J, K. Basu has shown 
that the simultaneous measurement of surface charges afford a 
simple explanation of these observations on the basis of the absorp- 
tion of ions. 

S- P. ^ichoudhury and also H. K. Acharj'a have carried out 
svstematic investigations on the adsorptive properties of activated 
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charcoal and the relation of Its surface charge to the absorption 
of acids and alkalis. 

The interaction between nentrai salts and such substances 
as silicic acid or manganese dioxide or copper oxide have been 
studied by B. X. Ghosh, K. Krishna mu rti and others. Their 
results si low that mejisurements of the surface charge are very 
helpful In understanding the nature of such reactions and that 
consideration of the adsorption of ions affonls a more consistent 
explanation of the observations than that of solubilities. 

B, X. Ghosli ohservetl a paralletisn) l)etwecn the effect of 
neutral salts on the electric charge of hydrated manganese oxide 
sol and the concentration of H*'' lll>erated. He has also studietl 
the sw’elling, electric charge, and membrane potential of gelatin 
and album’n in relation to H* ion adsorption and the effect of 
proteins on the coagulation of bentonite suspensions by electrolytes. 

During the past few years a considerable amount of work has 
been <lone bv H. K. Sen* 8. P. Ravchaudhuri, B. R. Majumdar. 
R. P. Mif ra. S. Mukherjee and B. Chatterjee on the electrochemical 
properties of colloidal solutions of silicic acid, palmitic acid, and 
hydrogen clays. These investigations deal with extremely low 
concentrations of free and total acidities. The results show that 
osinotically active hydrogen ions are associated with the colloidal 
particles and that such systems present features which cannot he 
reconciled with the assumption that they are single-phase systems, 
or with the deductions from classical electrochemistry, The 
total acidity is an ill defined variable quantity even when there 
is no evidence of a dissolution of the iwrticJes. Considerations 
of the phase rule are helpful only when fully formed phases arc 

involved. , , _ 

Cations have a marked effect on the total and free acidities, 
and a regular and specific cation effect has l)een di.Htmguisl^d. 
The regular cation effect agrees with the lyotropic* senes. Ihc 
salt molectiles at the surface are }>artly in solution and are pirtly 
insoluble and considerations of the energy of formation oi ion 
pairs formed bv adsorption are more suitable than tlwe of solubi- 
lities in understanding the thermodynamic cquihbrmm. An 
attempt has ban made to bring the similantie.s and dissimilarities 
of the prowrties of acids in true solution and those in colloidal 
solution into a general picture. These researches are of considerab c 
importance in ndation to the properties of hydrogen ela> and the 

...V, 

<liUitioii on the coagulation of suspensions, 
Kinetics of jilso the kinetics of slow coagulation with 

Coagulation fst>ecial reference to Smoluchowski s well-knowm 
Ar.nitions This problem Is also being exhaustively studied by 
jisiii and oo-workers who have employetl different properties 
for following tlie progress of the change : surface tension, viscositj , 
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transparencv. opacitv and refract ivity. The results showvcl that 
(i) the Tieu* eenerallv held that coagMlation nocessi.nly l<*acis u* 
rise in risobsity is unjustified : in fact. <lefiiiitc cases of \vell*marko( 
coagulations ^re observed in which viscosity sluuml a marko<l 
over.all Uimimition : (H) usually, though not invariably, si 

moderately shir coagtilation shows a small initial cl i mi mi lion of 
viscos it V, followed bv subsequent increase: and (iii) the progress 
of a coagulation as recorded by viscosity cliange is not 
continuous, but characterised by zones. Besides viscosity, opiiHty 
Ua$ had the longest and widest usage in coagulation measununents. 
Joshi's results have shown that a change in none of those proiicrlios 
can be employed as a gtutrai quantitative measure of the correspond* 
ing degree of coagulation. For example, in miinerous c<«igulafionsof 
colloidal arsenious and Hiitiniony sulphide by various comxuit rut ions 
of aqueous HgCU. the above properties were observed lo l)C sensibly 
stationarv. while flocculation was Mng piXKlucetl in flic system, 
Using colloidal MnOg and Hg^O, and other electrolytes the opaeity 
decreased during coagulation. Furthermore, measurements fiave 
been made of the refract ivity. viscosity and oimeity in sols before 
and after ' thennoageing \ which is allied to coagulation, nml changes 
in the last two properties were observcti to lie in some well marked 
cases in the opposite sense : independently of whether * thermo- 
ageing * i.s akin to coagulation or its reverse, the alwve fimling 
disturbs the present almost axiomatic view that coagulation shouki 
produce a rise in either of these properties. Confirmation of the 
above oonclnsion from viscosity determinations wax also obtained 
by transparency measurements, in the electrolytic coagulations 
of colloidal The existing theories of the mechanism of co- 

agulation have assumed tacitly that it is tiinc continuous, but 
Joshi s measurements have been of conspicuous utility in revealing 
a zoiuit effect as a general feature in numerous slow coagulations 
employing different sols and coagulants. 

Based » in part, on an extension of the Freuiuilich's isotherm 
so as to include the electrical factors distinctive of the mieollni* 
adsorption of the coagulating electrolyte, o. general tlieory has been 
developed for the kinetics of coagulation, which leads to the following 
equation for the rate of coagulation : 


It = 




where the various symbols have their familiar significance. Tliis 
equation yields as a particular case of Smoluchowski's well-known 

expression for rapid coagulation and the independence of ^ of C, 

the concentration of the coagulating electrolyte. 

The^ existence of a hitherto unrecognised determinant of the 
coagulation process was the finding that the characteristic auto- 
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coilpii lability of colloidal was increased considerably by 

addition of but small amounts of such substances as filter and 
parchment paper, celluloid, animal charcoal, ungla ted 'porcelain, 
all carefully cleaned before introduction in the sol. The rate 
of coagulation increases markedly by intro<lucing the wall n^aterial 
in a divided form. The magnitude of the well effect depends upon 
the nature of the coagulating system. Pa raffinning the walls of the 
containers not only depresses the coagulation rate but induces 
aiitoco(alysis, us judged by the familiar shape, and the rise in 
the SmoUichowski's coefficient of coagulation, The induction 
of autocatalysis (boside.s a diminution of the rate) on |>araffinning 
the containing walls shows that this effect cannot bo con.^idcred 
as fundamental to coagulation as has lieen supposed by some 
workers. That it is chiefly a secondary factor which adds on to 
the main change is showii by the result that some apparently 
autocatalytic coagulations ceased to be so, on simply introducing 
the wall material in a divided form in the coagulating .system. 
The coagulation was then found to belong to either the rapid 
region when it sHtisfie<l the criteria for such a change in terms of 
Smoluchowski’s classical theory ; or else, it was classifiable as 
slau' for which the above theory fails. 

Extensive studios have also l)een made by Dhar ami 
his collaborators, Chatferjoc, Sen, Gha^h, Ganguli, Satyaprakas 
and Mehrotru on the problems of coagulation, hydration and gelation 
of colloids. It is difficult to do justice to this work in a short 
review, and only the major conclusions of interest will be slated. 
They conclude that the 8cluilze* Hardy I>aw is applicable only 
to that stage of coagulation when the charge of the colloid 
particle is being neutralised by the adsorption of an ion of the 
opposite charge ; apparent deviations from this law are <lue to the 
existence of a second stage in coagulation — the further adsorption 
of electrolytes by the coagulum. They have also discussed the 
minimum concentration of electrolytes required for charge reversal 
and the dependence of the latter on the chemical affinity between 
the adsorbent an<l the substance adsorbed. Bhatnagar has made 
tlie interesting ob-servation that the rotatory powers of sugars 
in prc.scncc of ub.sorbing colloids are always less than those calculated 
from B<'er’s indicating that the ad.sorbed sugar loss's its o]>ticul 
activity wliich HUpi>ort.s the chemical affinity theory of jmitcctive 
action. 

Dhar and co-workers have studiccl in detail the phenomenon 
of periodic precipitation and the formation 
Periodic prcci- Lcisegang rings. Conductivity and diffusion 

pit alien experiments show that .silver chmmate in 

gelatin is ji resent as a colloid and not as su|)er.sa turn ted solution - 
Periodic precipitations are formed by the coagulation of a pc*ptised 
sol, and thi* coagulated niasse.s in course of formation and also 
after prec ipitation absorb and coagulate the sol of the same material 
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in the neighbouring layer. Dl.ar ami Chatterjee have rna.l.- I ■- 
interesting observation that in the forninHon of ly-isegany in.g> 
of mercuric iodide, lead iodide, etc. in sclalin. agar an.l starch, 
the number of rings procluce<l in light ih much grenU-r lliun in tin* 
dark. D. N. Ghosh has obhiinH i>crio<Uc pw^cipitates of simmi«i> 
soluble substances in the absence of a gel by pinching drops of tin* 
reacting solutions on a glass plate, separating fhe drops by a fine 
paraffin line and finally oovering with another glass jdatc so tliai 
the two surfaces of the drops were caused to meet. 

Dhar, Mrs. Dlwr. PannalaJ and Oanguli have observed that some* 
colloids become less stable towards clectrolytos on cxix^smt* to iiglit. 

B. N. Ghosh has studied the scattering of light by stannic* 
acid sols, an<l Krishnnmnrfi sttidied the 
Scattering of scattering of light in gelatin solutions. TIu 
light by Colloids shown t hat when gelatin sols of various 

concentrations are coole<l to the deiwlariintion of soattcriKl 

light first decreases and then increases, the effect Inung i>r<inounced 
in dilute solution and has draw'n imiwrlant c'OMclusionK regnnling ihi* 
change in shape and size of niioelle. 

The mechanism of the formation of several inorgnnn* and 
organic gels has been investigated by Mata 
Gel- formation Pras«<l and co- workers. Bv the proper control 
^nd^propartlcs of concentration in the ged forming 

mixtures many transparent inorganic gels have 
been prepared for the first time. Viscosity measurements have been 
made of colloidal systems undergoing gelation by means of Scarpa s 
method with certain modifications, the general conclusion being 
that gel-formation is a continuous process, that tliixotropic gels 
like thorium molybdate show numerous irregularities, and that 
viscosity results can be expressed by the equations tj,— a* 
and i7o * 

Bhatnagar has studied the solubilities of bi- and tri valent 
-T. j salts of higher fat tv acids in oils and their 
ens on on the surface tension of such oils. Tlic 

conductivity and surface tension of univalent salts of higher 
fatty acids in the molten state have been measured (Bhatnagar, 
Mata Prasad and Balwant Singh). Interesting studies have also 
been made on the electrical resistance of thin films of organic 
liquids on papers and the relation between the chemical consti- 
tution of organic liquids and the transluscence of pa^iers dipped in 
them (Bhatnagar, Mata Prasad, B. Ahmad, lilitra and Rhrivastava). 
The concept of paracbor has been applied to the examination 
of surface tension data of some organic substance in the molten 
state and of aromatic disulphides (Bhatnagar and Singh), Ghosh, 
Nath and Dutt have studied the variation with time of surface 
tension of solutions consisting of muUimolecular aggregates having 
small velocities of diffusion, and have drawn important conclusions 
regarding the kinetics of formation of surface films. 
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The physical aspects of this subject are dealt with in another 
- section. The important researches of D. M. Bose, 

chemistry Bhatnagar and P. R. Ray will be considered 
liere from the physico-cliemical point of view. 
It has been found that allotropic forms of sulphur differ considerably 
from one another in magnetic properties, but colloidal bismuth, 
after it has been thoroughly washed with hot tartaric acid solution 
which dissolves the oxides of bismuth, has practically the same 
diamagnetic susceptibility as regulus bismuth. In the ca.se of 
electronic isomers, the empirical equation 

gave values of K which are practically identical (Bhatnngar and 
Mathur). The diamagnetic susceptibilities of organic isomers differ 
in general from each other in the order ortho >para >meta, 
normal < iso and the cis >trans variety (Bhatnagar, Mathur and 
Neogi). The susceptibilities of water and aliphatic alcohols w'ero 
found to incroa.«e with temperature due probably to change in 
the clegrec of molecular association. The Paramagnetic ions Fe, 
Ni. Co, Mn exhibited diamagnetism when ab.sorbcd by charcoal 
(Bhatnagar, Mathur and Kapur). Optical rotation of solutions 
of active .substance.s has l)een studie<i in magnetic fields and it 
1ms l)ccn observed that for any ptirticular solvent, the field required 
to balance optical rotation is proportional to the optical rotation 
it.sidf. an<l that in concentrate solutions, the magnetic rotation 
changes with concentration (Bhatnagar. Mathur and Jain). A 
large number of critical experiments on chemical reactions within 
and without the magnetic fiehi led to the following conchisions : — 
In homogeneous reactions, the velocity is accelerated, retarded, 
or unaffected by the field when the sum of the molecular suscepti* 
billtic.s of the final products Is greater, or less than or eqtial to the 
sum of the molecular susceptibilities of the initial substances. 
In the case of heterogeneous reactions, the solution of ferromagnetic 
iron in hy<irochloric aeid !.•« retarde<l, while that of diamagnetic 
zinc is accelerated bv magnetic fields (Bhatnagar. Mathur and 
Kapur). T>. M. Bose finds that the magnetic moments of complex 
salt.s cxpres.<ed in terms of Bohr Magnetons ‘ n ' are mostly pro- 
portional to the difference between their * effective ' atomic number 
Z' and the atomic numl>er of the next higher inert gas. Bose ha.s 
shown Z' = .V-£;+2P where A' » atomic number of the co-ordmat- 
ing atom, E = its primary valency in the given compound and P =4, 
b etc. according as the compound is fourfold, sixfold, etc. He 
finds that n = where Z is the atomic numlwr of the next rare 

gas and has gathered together a large amount of experimental 
evidence in support of his view. 

Magnetic susceptibilities of a large number of complex 
compounds have been measure<l and the results show that the 
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Welo-Bose’s rule Is untenable m some eases (P. Ray and H. Bbar). 
A new view regarding the electronic constitution of rnrifeciihir ioul 
com plex com pound s li a s been suggested ( P . Ray ) . T1 1 o const I tu t ioi i 
of isomeric compounds of dimcthylglyoximo with colmlf^iis 
cliloricle has been reviewed as a result of the study of their magnctii' 
susceptibilities (P. Ray and D. C. Sen). Magnetic suscoptibilitioc 
of some simple cobaltic salts have lx*en determined, nnd the elec- 
tronic configuration of the cobaltic ion has been discussed (P. Kay 
and J>. C. Sen). 

Under the able leadership of Dr. H. E. Watson, a fionrisfmig 
school ofgeneral chemistry grow np at Ban galore. 

Researches by Their studies inehidwl the cathode fall and 

fo^and’ColUbo'- «« ■.'"‘I 

accurate and pjimstaking invcstigntion 

involving now technique and manipulative 
skill, on the atomic weights, compressibilities, refractive irulices 
and dielectric constants of rare gases of the Htmospbere. The work 
of revision of atomic weights was extern led to antimony and tanta- 
lum. The measurement of dielectric constants, refractive ind’ces 
and compressibilities of .several other gusos and vapours and the 
study of the influence of solvents on the (U]>ole moment have 
formed subjects of more recent investigations. 

A large number' of early researches were directe<l to the study 
of kinetics of reactions in solutions, such as, esterification, hyclrolysis, 
alcoholysis and acidolysis. Subsequent papers deal with tlic 
heterogeneous reactions, such as, oxidation, reduction and dehy- 
dration on the surface of metals, oxides and salts, nnd the application 
of theTTnodynamics to the equilibria involved in these reactions. 

Photochemical studies include oxidation of toluene and 
benzaldehyde, phototropy of mercury compounds an<l photo- 
electric and photovoltaic phenomena, Biuide effect of lialogens, 
quantum efficiency of cis-tmiis conversion of cinnamic acids. 
Under this heading, mention should be made of the valuable c ontri- 
bution on the nature of reactions in electrodeless discharge, and on 
hot filaments (Srikanta). 

Study of optical properties of organic compounds, such as 
Raman Spectra of isomeric compounds, absorption spectra and 
rotatory dispersion of isomeric terpenea and the relation between 
iodine value and refractive index, formed important part of more 
recent studies. Thin films of metals were examined by X-Rays. 

Under Electro-chemistry mention may be made of the papers 
on the electrode potentials of metal — metal oxide electrodes, 
control of industrial processes, conductivity in mixed solvents, 
electroplating and electro typing. 

III. Inoroahic Chemistry. 

Researches in Inorganic Chemistry are being actively pursued 
in the laboratories of the University College of Science, Calcutta, 
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by Sir P. C. Ray, P. Ray and P. B. Sarkar, in tlie Government 
College. Lahore by H. B. Dimnicliff, in the Patna College of Science 
by R. C. Ray and in the Inatitntes of Science at Bangalore and 
Bombay. A brief outline of the work is given below : — 

In continuation of his previous work on nitrites, the 
condnetmty of nitrites of metal and alkyl ammoniums have been 
measiire<I by P. C. Ray and Dhar. Tlie mercury mercaptide 
TUtritea have been prepared and their reaction with alkyl iodides 
studied (P. C. Ray and P. C. Guha). Compounds of mercuric 
nitrite willi various alkaloids have been describetl (P. C. Ray). 
The velocity of decomposition and the dissociation constant of 
nitrou.s acid have been deterroine<l, and it has been found that 
urea reacts very slowly with pure nitrous acid — a fact which has 
been utilized by Werner it) giving a new cojistitution of urea (Ray, 
Deyand J. C. Ghosh). Guanidinium nitrite has been prepared and 
its decomposition by heat studied (P. C. Ray, M. L. Dey and S. C. 
Jana), 

Molecular volumes of the hyponitrites of alkalies and alkaline 
earths and equivalent conductivities of sodium hyponitrite, calcium 
hypomtrite and hyponitrous acid have been measured (P, C. Ray, 
N. R. Dhar, R. L. Dey). Vapour density of ammonium nitrate, 
benzoate and acetate have been mea.su red (P. C. Ray and S. C. 
Jana). 

Intcraction of mercuric and cupric chlorides respectively on 
mercaptans and potential mercaptans has been studied (P. C. Ray). 

Varying valency of gold (bi, ter. quadri and quinque) with 
respect to inercaptanic radicles has been studied (P. C, Ray and 
K. Bose-l^y). 

A number of c'omplex compounds of iridium with organic 
sulphides have been described (P. C. Rav and N. Adhikary ; N. N. 
Ghosh). 

The action of mercuric, cupric and platinic chlorides on organic- 
sulphur compounds has l)een studied (P. C. Ray). 

A number of complexes of zinc and cadmium, and mercuric 
iodide.s with alkyl sulphonlum iodides, as well as of antimony 
lialldes with alkyl'sulphonium ialides have been prepared (P. C. Ray, 
N. Adhikarv. S' K. Banerjee and N. Ray). 

Double .sulphates of copper-magnesium group and the .'<ulpho- 
Ilium and phosphonium bases have been prepared and studied (P. C. 

Rav and N. Ray). , , . , 

' A number of compounds of gold chloride with organic .sulphides 

luive been de.scribed (P. C. Ray and D. C. Sou). 

Fluorination of certain organic compounds has been effected 
bv means of thallous fluoride (P. C. Ray, A- C. Rjvv and H. Goswami). 

During tlie period under review, P. Ray and his co-workers 
have published a large number of papers on : 

(i) Co-ordination compounds and co-ordination valency. 

(ii) Macro- and micro-analytical methods. 
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From a study of the distribution of bromine and iodine botu'een 
HCl and HBr solutions and various organic solvents the formiitioii 
of HCIBr HCiland HBrl in aqueous soiiilioiis has been estabhsheii 
(P. Ray and P. B. Sarkar). The latter substan<-c lias .snbsct|uently 
been obtaineil in the solid state mixed with ice (1^- Roy)' 

A series of complex iodates of quadn valent tin, titanium and 
lead of the formula fM{ 105 )ej— where R * H or any alkali metal 
and M = Sii, Ti or Pb— have been prepiircMl and tlidr molocailar 
volumes compared (P. Ray, S. N. Ray an<l H. SSalia). 

A new series of aoido-pent-ammine robidtk- salts, thiosiilpfinto. 
pentaminine cobaltic complexes— has l)ecn prepared. The general 
formuJa is represented bv . Co . X, where X » halo, 

gens, NOa, 1/2 CrO*. 1/2 S-Oj, or 1/2 Tlie bivalent tluo- 

sulphate radicle occupies one co-onliiiation position inside tlie 
complex and is, therefore, imico valent ; it>» linking witli the central 
atom occurs through an oxygen atom (P. Ruy). 

By the action of potassium cyanide upon thlosul|>hato-|H*iUam- 
mine cobaltic chloride, the same author has prep^ired a new scries 
of substituted cyano-eobaltiales, — . Co . (CN)J wliere U = 
any alkali metal atom or its equivalent alkaline earth metal. — 
in the form of bright yellow crystals (P. Ray : P. Ray and S. N. 
Maullk). By the action of hydrogen sulphide upon the lead salt, 
the free acid, H 4 [Sj 03 . Co . (CN)^], has beon obtained in t\v<» 
different modi heat ions, one yellow and the other red. These hy<iro* 
lyse giving rise to two different modifications of tiuosulphuric acid, 
one decomposing into sulphur dioxide and sulphur ns usual, and 
the other into and SO^. This is regarded as n j usti lien t Ion for 
the assumption that thiosulphuric acid may exist in two different 
isomeric forms : 


0^ yOH yOH 

and 

sX \oH 0 ^ \sH 

(P. Ray and S. N. Maulik). 

By the oxidation of the thiosulphate- pentiicyano potassium 
cobaltiate i^th in neutral solution buffered by sodium acetate, 
a series of aqno-pentacyano cobaltiates — . Co . (CN)g, where 
R as alkali or the equivalent alkaline earth metal — has been pre- 
pared (P. Ray and N. K. DuU). 

By the action of potassium cyanide upon a cold solution of 
cobalt chloride saturated with SOj, another substituted cyano- 
cobaltUte of bright orange colour, K^CCN)^ . Co-SOj-Co /(CN)^ 

hexapotassium dicobaltiate, has been prepared 

(P. Ray). 

By substituting sodium cyanide for potassium cyanide in the 
above preparation, a series of disubstituted cyano-cobaltiate, 



PROGRESS OF SCIENCE IN INDIA. 


Rj [(SO^)^ . Co . (CN)#] disulphito-tetracyano cobaltiate. wlicre R = 
alkali or equivalent alkaline earth metals or other heavy met a Is » 
lias been obtained in the form of bright yellow crystals (P. Ray 
and S. C. Chakraborty). 

A corresponding series of diaquo-tetracyanocobaltiate, of the 
formula R[(HjO)j.Co. (CNlij has been obtained by the oxidation 
of the above disulphito-tetracyanocobaltiate with strong nitric 
acid and subsequent hydrolysis. The free acid of the series. 
prepare<l from the lead salt, when heated, gives a blue cobaltic 
cyanide Co(CN)«. This latter, on treatment wth water, gives 
a red hydratc<l mcalification. Co(CX)j (P. Ray and T. Gupta 

Chaudhurv). 

By oxidizing >vith air a solution of cobalt chloride mixed 
with ethylene diamine, followed by treatment with sodium thio* 
sulphate, dark greenish black crystals of trans*ditfiiosul]>liato- 
<liethylcnedianiine iHDbaltiate have been obtained. The i^oinoric 
cis.m’odification is prepareil from the latter by treatment witli 
camstic alkali (P. Rav and S. N. Maulik). 

Ru beanie acid has been employed as a very sensitive reagent 
for the micro-detection of copper, cobalt and nickel, as well as 
for the macro-estimation of cobalt and nickel (P. Ray, R- M Ray). 
This reagent is now sold in the market. 

Hexamethylene tetramine has l>oen employed as a useful 
reagent for the quantitative .se|Hiration of iron, titanium, and 
uranium from zinc, manganese, nickel, cobalt, alkaline earths 
and magnesium. Aluminium has also been separated from the 
latter metals bv the same reagent except in the case of nickel 
and zinc (P. Rav, A. K. Chattopadhya and D. Bhaduri). This 
reagent has also been employed for the microchemical detection 
of ^veral metallic ions (P. Ray and P. B. Sarkar). 

Quinaldinic acid has been introduces! as an analytical reagent 
for the estimation of copper and its separation from almost all 
other elements excepting zinc in mineral acid solution. 4uio has 
also been estimated bv the same reagent with excellent results 
in the presence of phosphoric acid, arsenic acid, iron, alumiimim, 
titanium nranuim, beryllium, manganese, magnesium, and the 
ilkalitie earth metals in acetic acid solution. The same reagent 
has further been u.sed for the micro.e.sthnation of cop}>er ajul zme 
and for the colorimetric estimation of iron <P. Hay, M. K. Bose, 

A K- MazG*udar and J. Gupta). , i 

Dlmercupto thiobiazole has been employed as an analytical 
roacentTor the separation of copper from As, Sb. 8n. Mo, 
all metals of group HI (analytical) ancl succoedmg groups The 
simc reagent serves to separate lead from As. Sb. Sn, Mo and 

alkaline earths. (P. Ray and J. Gupta). 

P B Sarkar has prepared a large number of inorganic and 

organic salts of scandium, gadolinium and europium and an attempt 
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has been made to determine the analogies whicli exist l.et.vcen 
the compounds of these elements and tliose of otliei' tervalei.t 
elements. Thus scandium acetyl -ft cetona to nml salts of the types 
M,ScF* and K 5 [ 5 I(CiO,) 5 ]-^Hi 6 strongly resemhle tlio.-a- of tl.<' 

tervalent elements of the iron family. 

Some new complex salts, such as. ti-anstctnimniiuc*;icnio. 
thiosulphatO'Cobaltic salt« : cliromiselenicaohl. chromi sclcno tnoiio*. 
di*ftnd tri sulphuric ackis and their salts ; clmnmito cobalt am mine 
and cobaltammini chromates; and two Irinuclcar <‘hromiiim 
compounds have been desorn>cd {P. B. Sarknr). Tliincya nates 
of Cd, Zn, Co, Ni and Mn have l>ecn found to t'ivc sijarin^dy 
soluble salts udlh N^Hi. having the formula M" (SCNj-. ; 

and Ni, Co and Cd have l)een estiraatwl by pixci pit at ing witfi 
NH4SCN and (P. B. Sjirkar). Manganese bus been 

accurately determined by KMn04 in the presence of .MgS04, 
KNO,, k^SO^, CdS04, NaNOj. KI, Na-Ac and chlorklcs of Li. 
Na, Ca, Ba, Sr. Some of the.se salts form manganites anti othcr.< 
coagulate the precipitate (P. B. &»rkar). Sarkar and (laswami 
have prepared triple nitrites of the following composition : — 

Ca,NaR(NOt)e where R*Ce, La. Pr, Nd. Sm or (hi. Tftese 
triple nitrites may l>e used for the micro .detect ion of Vs limit 
of sensitiveness being ()* 04 y, Sarkar and Ray have made an 
interesting study of the homology of BeF7 and SO* and monoHuo. 
phosphate ions irom chemical, structural and crystallographic 
points of view. Starting irom the idea that fiuocarbonnte ion. 
if it could be prepare<I. should be analogous to nitrate ion. Sarkar has 
succeeded in preparing fiuocarhonio esters and has dcvclopetl a 
new method of fluorination by TI.F. Mixed crystal formation of 
formates with nitrites led Sarkar to some interesting suggestions 
regarding the constitution of formate ion and formic* acid. Ati 
exhaustive study of the Raman spectra of these compounds has 
been made to test these new ideas. 

R. C. Ray has shown that the so«called amorphous boron 
prepared by the reduction of boron trioxide with Mg probably 
consists of a soild solution of a lower oxide of boron, sometimes 
in combination with a little MgO in elementary boron. Later on» 
by extracting the fusion with water, a new salt, magitesium horlte, 
MgO, 340^ has been discovered in the solution. The constitutional 
formula of the corresponding acid is considered to be BO. (OH) : BO. 
BO : BO(OH). When is treated with water, hydrogen 

U evolved and an insoluble compound of magnesium oxide with a 
TOfo hydrate is formed. The l^rohydrate is represented by the 
formula With dilute acid, Mg|B| gives at or below 

0 0 . a la^r volume of hydrogen and an insoluble salt Mg3B^(0H). 
while below — 10 ^. a different product is formed, 

mnerjee has prepared some new mercurv-ammonia compounds 
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He has also used divalent vaDadium sulphate as an analytical 
reagent for the volumetric estimation of copper, iron, chromium, 
nitrate, chlorate and persulphate. 

The publications from Prof. Dunnicliff’s Laboratory include 
studies on the basic carbonate of copper, the hydrogen sulphates 
of alkali metals and ammonium, the action of bromine on strontium 
oxide and its hydrates, and the action of hydrogen sulphide on 
nitric oxide, on .solutions of nitric acid, chromic acid, chromates 
and di chromates. C'ondition.s of e(|uilibriuin have been investigated 
in the following systems : — 

Sodium sulphate, sulphuric acid and ethyl alcohol, 
Ammonium sulphate ,, „ ,, 

Potassium sulphate, cadmium sulphate and water 
Ammonium sulphate ,, „ ,, ,, 

At the Indian Institute of Science, extensive investigations of the 
reactions of chromates and sulphates at high temperature have been 
made and have prove<l to l)e of considerable technical importance. 
In particular, the .study of the decomposition of chromates of alkaline 
earths at high temperatures and in vacuum led to the discovery 
of intermediate compound.^ of chromates and chromites. 

Research in Inorganic Chemistry at the Osmania University 
was mainly carried out on the constitution of per* and double com* 
|)o\iiKUaud thecicetrodeposition of metals. Titanium peroxide was 
found to be a true peroxide and a formula of TiOg, was 

a8signc<l to it. A double compound of SnCli. 4CH,COOH was 
prepared and isolated. The .so*called percarbonates of WolfFen stein 
and Peltner were found to be mixtures of Na^COg and NaHCOg. 
Tlie formula of Tanatar’s compound NagCOj, HgOg, 2HjO was 
<onfirmed. 

Studies in the Royal Institute of Science, Bombay, on the 
physical and chemical properties of nickelotis oxide prepared by 
heating its salts to high temperatures indicated that the solubility 
of the oxide in sulphuric acid diminishes remarkably as the tempera- 
ture of preparation is raised and at about 1000^ almost passive oxide 
is obtaiijccl. On the.se observations the mechanism of reactions 
taking place in the Mond’s process has been explained. 

The electrical conductivity and the H*** ion concentration 
of solutions of amphoteric oxulW in sodium hydroxide have been 
measured by Mehta who concluded that in dilute solutions these 
oxides are present as colloids but in concentrated solutions they 
contain salts with a small amount of the oxide in the colloidal 
state, ('rystalline sodium zincate, Na^ZnOg, 3HgO, has been 
isolated ‘Mehta has also studied the decomposition of sulphates 
of alkaline earths between 90a‘*-1100‘’ in the presence of bone 
anhydrich- 95% of CUSO4 is decomposed at about 1000 and this 
temijcrature is lowered by the addition of suitable substances 
to the furnace charge. 
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Very few* chemists in India have worked on rare 
meUls- P. Neogi and Nandi> have recently been wr^ng on 

eaUium and have prepared numerous compounds ot this rare 
metal including a di-hydrate. chlorate, bromate, basic i^ate. 
oxalate, acetate, d-, U, meso- r- Urtarates and citrate. Neogi 
and co-workers have also studied the mechanism of the reaction 
between (1) sodium bicarbonate and mercuric chloride. (2) hypo- 
phosphorous acid and copper salts, (3) hypopbosphorous acid anti 
sodium iodate, and have determined the effect of concentration, 
temperature, etc. on the period of induction obscr\’ed in the reactions. 


IV. Organic Chemistry. 

Four broad lines may clearly be discerned along whicli tlie 
largest volume of research has been carried out. Of these , again 
the most consistently and usefully prolific line has, in the opinion 
of fcbe reviewer, been the isolation, characterixation, constitution, 
determination, and synthesis of a large variety of terpenes and 
terpen e-derivatives. The second broad line has traversed the 
extensive region of synthetic dye.stuffa of the more common, and 
in some cases, unfamiliar types, and some attempts have been 
made to elucidate the relation between the colour in these 
compounds \vith their molecular structure. 

The third line has included the study of a large number nn<l 
variety of natural products other than terpenes and much analytical 
and exploratory research has been spent on : (a) vegetable and 
animal oils and fats, (6) bitter principles and glucosides. (c) plant- 
colouring matters, and (d) alkaloids, etc. 

There is a greater tendency in recent years among clieniists 
to undertake this kind of work and much useful data on the chemical 
and pharmacological properties of the active principles of indlgcnouK 
plants may be expected in the near future. 

The fourth broad line has embraced the syntheses and chemical 
study of a very wide variety of heterocyclic compounds of O, N nn<l 
S. Though t^s line has been very vigorously pursued by Indian 
chemists, it is only in recent times that this type of work has 
received a new orientation, and attempts are now being made 
in several laboratories to prepare pharmacologically valuable 
synthetic products. It is hop^ that the wide experience gained in 
the past in the synthetic side will prove helpful in producing useful 
results in the newer field. 

On the whole, it may be said that the trend of modern research 
IS more and more in the direction of producing or isolating substances : 

(а) which may have practical commercial or pharmaceutical value, 

(б) which may prove useful as synthetic intermediates or degradation 
products of more complex natural substances, or (c) which may 
help indirectly in elucidating the constitution of such complex 
substances. 



GO 


PROGRESS OF SCIENCE IN INDIA. 


Valuable research was carried out at Madras and Bangalore 
bv J. L. Simonsen aided by a number of 
ductV“r'eUted w Indian Co. worke^ and in a few cases by 
the Terpenes d. J. Sudborough and £. R. Watson. The 

first important research undertaken was on 
the constitution of stintalin, the red colouring matter of Sandal 
wood <1912). Variotis derivatives of this were prepared and 
their oxidations studied. Some of the oxidation products were 
independently synthesized from known benzene derivatives. 
During the period betw'eeii 1912-28 a large number of terpenes 
(open-chain, mono-, di- and tricyclic, and sesque-) were isolated 
from a variety of Iinlian sources and carefully characterized, The 
constitution of several of them were elucidated. The following 
may be mentioned: myreene, d-a phellandrene, and A* 
carenes, d.pii)eritol, d.pii)eritone, /-carvomenthene, d-ot thujene, I- 
sabinene. zinziberine, curcumene and longifolene. The constitu* 
tion of d-a phellaiu Irene was established from its oxidation to 
isopropyl succinic acid ; of a-terpincnc by the production of 1 : 4 
oineolic acid. The fact that sylvesf rene does not exist in the plant, 
but is a product of transformation of A* or A* carene was 
established. The relation between y-terpinene and A* carene 
was made clear, d-piperitone was oxidized to a-acetyl-isopropyU 
butyric acid. Light was tljrown on the constitution of thujene. 
A ^ carene was oxidized by Beckmann mixture to terpcnylic and 
terebic acids. Much light was thro\m on the constitution of 
A^ carcnc and of caronc. Norpinic acid was prepared. 
The sesqui .terpenes, zinziberene, curcumcnc and longifolene, 
and many of their derivatives and properties were studied. 

This work has been taken up again by P. C. Guha and co* 
workers who have synthesized it starting from 
Thujane dibromomenthonc via S-mcthyl-G-isopropyb 

|jicyclo-(0 : 1 : 3)-fiexanone. Northujanc-2 : 6-dicarboxylic ester 
lias Iwen .synthesized by effecting direct bridge formation in ethyl 
c yclohexanouc-2 : O-dicarboxylate. 

Caraw sen'ea.— The s>-nthesis of the following, the first three 
being degradation products of naturally occurring members of the 
carane group, has been effected : caremte acid, honiocarontc acid 
and 1 : l^d{me(/ii/Ut/cIopropafU’2 : S^diace/ic acid by the action 
of dimethyl-diazomethanc upon fumaric, glutaconic and Py 
dihvciromuconic acids respectively ; and 2 : 2^dim€ihyki/cloheptafu- 
I : h-dicarboxi/lic acid from the product of reaction between 
Ouareschi imide and tetra methylene bromide. 

Piruinf The s^^»t}les^9 of ‘ ktlo-nopiMM (4 : 6-diketo- 

nopinane), the fir.st total synthesis in this group, has been achieved 
bv cvelizing the methyl ester of pinononic acid (a degrad^ion 
product of verbenone) synthesized in this laboratory starting from 
cts-norpinic anhydride. 
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Diethyl c*>* or ^ra »w*norpinate gave on rethictioii tfu* corro* 
sponding trans-glycol from which sym. homo-pinie <icid lius been 
synthesized, which could not be cycli*ed duo to its trans-con- 
figuration. Pinic acid obtained from pincne and supposed hitherto 
to be cw has been shown to be of the traru form. Norpinic add 
has been synthesized. 

Cam^ane series . — I • acctylcifclopeniane- 3-<« rboxi/Uc ac id (ob- 
tained by Semmler as a degradation product of sun tone), l^eio^ 
homonorcamphor and iscdehydroapocampkoric odd (by tlu* action 
of dlmethyldiazomethane on muconie acid) have been synthoHized. 

Starting fromethyl-cyclohexane-l : l-dimetbyl*3 ; 5*diketo-2 : 0- 
dicarboxylate, a new bridged ketone C^H^O has l>cen obtained, 
which affords an interesting example of direct bridge formation 
indicating the presence of p- bonds in plienols. 

BkyeU>*(^ ; 2 : 2)-octone and 6icych>-(3 : 2 : 2)-nofl^tHC rings have 
been synthesized by bridging ethyl succinosu coin ate in 1 : 4- posi- 
tions by ethylene and trimethylenc. 

Presumabl}' the Simonsen school has also inspired J. C. 
Bardhan, who has successfully laid at rest the vexed problem of the 
constitution of Ba I hi a no's acid and has prepared some analogues 
of this compound. He has also thrown much light on the constitu- 
tion of caryophyllenic acid, A recent extension of the experience 
gained in the terpene group has resulted in very elegant syntheses 
in the phenanthrene, hydrophenanthreue, retcnc and oestrin 
groups ; also in the synthesis of bi-cyelo -octane and ca dinette. 
As a side-line of this research S. C. Sen Gupta has studied the 
preparation and properties of 5- and C-inembored spiro hydro- 
carbons containing the tetra hydro -naphthalene and hydrophenan- 
threne skeletons, which are convertible into phenanthrene and 
anthracene and conjugated phenanthrene derivatives. Another 
series of investigations are being carried out by N. Chatterjee with 
the object of synthesizing the oxy- phenanthrene oestrin skeletons 
l^m unsymmetrical diphenyl derivatives and from other sources. 
This subject is receiving active attention in Calcutta, 

Tbe second broad line was inaugurated under the able guidance 
Synthetic Dye Watson whose work in connection 

stuffs ^ ^th the relation between colour and chemical 
constitution is now a matter of text- book 
knowledge. A. C. Sirker, an able co-woiker of Watson, in 1916 
suggested a modification of Hewitt's Rule for the azo-dyes where 
the depth of colour was found to be proportional to the length of 
the conjugated chain in the part of the molecule containing the 
auxochromc. Sarker and S. B. Dutta have continued their 
researches in this group vigorously for several years, jointly and 
^verally. Dutta prepared a series of fluorescein-like dyes from 
cuphenic anhydride and some azine and flavinduline dyes from 
^enanthraquinone. He also studied a number of pyronine dyes 
from substituted succinic and glutaric acids and put forward a 
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theory indicating the impoitaoce of ring* chain tautomerism in the 
development of the colour and the relation between colour and 
molecular strain. Another active group of workers in this field was 
(the late) B. N. Sen and his pupils at Calcutta who prepared and 
studied a number of dyes of pyronine, benzein, triphenyl methane 
and azo-dyes ; also some colouring matters containing the tetra- 
phenyl -methane skeleton and others, where no quinonoid structure 
can be given to the molecule. A. C. Sirker and bis pupils have 
prepared a number of azine. oxazole, iminazote, fiavinduline, 
azo-methine, phen azine and azo-dyes from various ring ketones 
like phenantbraquinone» acenaphtbenequinone^ fluorenone, etc. 
A large class of indigoid. indazine and azine dyes have been 
prepared by P. C. Dutta and S. K. Guha. 

In this broad group a large number of fatty oils from a wide 
variety of sources have been examined in detail 
Na rural pro- various laboratories mainly by Watson, 
Terpenea Sudborough, B. S. Rao. T. Katti, S. Krishan, 

S. B. Dutta and N. N. Godbole. Watson and 
Sudborough established a relationship between the refractive 
index and the iodine value of a number of fatty oUs. The 
unsaponifiable matter has been examined in some cases and 
phytosterols of known and unknown types have been character- 
ized. A number of bitter principles have been isolated from 
various sources. Of these may be mentioned that from Bondercella 
(P. C. Ghose, T. Katti, S. 8. G. Sirker), from Andro^aphis {S. S. G. 
Sirker), from Corchorus (N. Sen), etc. active principles of the 
following plants have been isolated and investigated : rottlerin 
from KafnaUi, a principle from Aegle Mamuhs ; from plumbago ; 
from Cu4cnUi rtfl^xa (S. B. Dutta) ; from Ayapan, Piper ehaba. 
Ananas Sativa and Gardenia Lucida (P. K. Bose). A number of 
alkaloids have been isolated and characterized from Bauwolfia 
serpentina (Siddiqi) ; from Holanhena Anii*dystnUrica (S. Ghose) ; 
Vasicine has been isolated from Adhatoda Vasica (T. P. Ghose) ; 
alkaloids from certain species of Ephedra (S. Krishna) ; also 
from Toddalia and Hedyoiis (B. B. De). ErytkriM I ndtca and 
Crypiocryne spirMs have been examined by S. N. Chakravarti. 
This line is being actively pursued in various IncBan laboratones 
and much useful information may be expected in a few 
Aesculine and scopoletine were isolated by Simon sen in 19ib, 
who also elucidated the structure of molindone (1918). 

Synthetic work on certain naturally occurring anthraquinone 
derivatives was carried out by P. C. Mitter and his pupils who 
svnthesized nibiadine, aloeemodin, munjistino and a number oi 
methvl.oxyanthraquinones related to nibiadine, monndone and 
< 5 mod'ine. Starting from S-methylalizarin, a 4.bydroxy derivative 
was obtained. Oxidation of the methyl group and subsequent 
reduction with Na^O* led to an elegant synthesis of munjietine. 
Again starting from 2 -hydroxy-3 methyl anthraquinone y 
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nitration and methylation, 1-2 dimethoxy deriyative was obtairiad. 
Bimethylation and oxidation followed by reduction gave mbiadin. 
Another colouring matter, oroxylin A from Oroxylum Indxc^m, 
has been proved by E. C. Shah to be 6-methoxy-5 : 7.<iioxyflavone. 
T. S. Wheeler studied the reactivity of chalkone denvatives and 
developed a method for synthesizing flavones like chrysene. The 
synthesis of a number of chromones and flavones were described by 
P. C. Mitter and his students. Venkataraman also described the 
synthesis of a large number of oxy -chromones, oxy-flavones and 

iso -flavones. . xi 

Work under this beading comprises a large variety of N, O 
and S compounds prepared by a variety of 
Heterocyclic condensation reactions carried out mainly by 

compounds p ^ co-workers, S. C. De, 

T. N. Gbose, T. K. Cbakravarti and many others in Dacca and 
Bangalore. The following are some of the more outstanding 
types of compounds prepared and described : dithiourazole, 
various ring compounds from hydrazo mono- and di-thio -carbon- 
amide , o • am inopheny isem icar bazide , dietb y I xa nthoformate , o - 
aminopbeny I hyd rati ne, th iocarbohy di^ zide , ethy lea rbethox y tiiio • 
carbamate, thiosemicarbazide, o-thiocarbamidobenzoic acid and 
substituted carbohydrazides. A study of the reversibility of 
Michael condenaation was also undertaken by Guha and T. N. Gho8e» 
using hydroxy lamine on mustard oils and ethyl carbamate on 
unsatu rated esters, etc. A number of azines, triazoles, etc. wore also 
prepared. S. 0. De has also studied the formation of a large 
number of thiozolea, thiodiazolea, triazoles, thiazines and thio* 
diazines. 

H. K. Sen and his co-workers, U. Bose and C. R. Barat, 
synthesized a number of reduced pyridine, quinoline and isoqu inc- 
ite derivatives by the union of oxy methylene ketones and p- 
diketoncs with compounds like cyanoacetamide, and sought to 
elucidate the mechanism of such reactions. The alkylation of 
0 X 3 anethy 1 eno ketones and the action of diazonium salts on them 
were used for this purpose. New types of acrid onca, phenanthri- 
dones and a-pyrones were synthesize by an extension of these 
re^tions. P. K. Bose synthesized a number of thiodiazines, 
thiosemicarbazones, benz-thiazolequinazolines, etc. and also 
studied the benzidine rearrangement in the heterocyclic series. 
Among the many interesting syntheses of heterocyclic compounds 
by J. N. Ray and his co-workers, mention should be made of those 
of ory-quinazolines by the action of acylamines on urethanes ; 
of corydaline from the azide of 3 : 4 dimethoxy phenylpropionio 
acid ; of phthelazines ; of palmatine by a method analogous to that 
of Perkin, Ray and Robinson's synthesis of berberine ; of homologues 
of laudanosine and of fiirano quinolines bearing the same skeletal 
arrangement as skimmiannine. Important work was described 
on the constitution and synthesis of vasicine. Possibly useful 
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compouiifls in the pharmafolopoal sense were sNUthesized by Rav, 
and of these may be mentioned 2.oxynapbthyjglyoxalino and 
py ra zok* i j o* q\i inoli n es ; py m >1 indoles ; tj u I nol inO‘p\T 0 nes . p*a m Ino- 
l>enzoylamino*nieth>*lhy<irocotamine was s^mthesized and found to 
be a good oomoal anssthetio. 

H. C. Shah synthesized a number of 2.phenyl-4-oxy*3*carb* 
ethoxy quinolines ; -V-carl>ethoxy-phenyl*benzamidines and other 
types of amidine derivatives. Phenanthrolines and cU-quinolines 
were <les<Tibefl by T. S. Whether and lii s eo-workers. Some impor- 
tiint synthetic work in the alkaloid group was describe<l by S. N. 
Chakra varti. IsO'Opianic. </r»opianic. m^opianic acids have l)een 
synthesized by elegant inetho<Js ; a general method has been 
descri)n*d for the synthesis of 0*aldehydoearHoxvlie acids and of 
substitute<l pht ha Ionic acids : m ethoxy and dimetho.xy*homo* 
plithalie ai'ids have also l>een svnthesizwl. The prepamtion of 
u series of dimerhoxy-proto.berlK»rin derivatives has linm carrie<l 
out by painstaking methods. 

Couinarin and its derivatives have reeidvcsl considerable 
Oxvfien ring attention at the hands of several workers, 
compounds prepannl a large numlx*r of benzene- 

substitutwl eoumarins by the usual reactions. 
He and his eo-workers studksi the addition of stMlium sulphite 
to eoumarins and found that the addition is inHuenoe<l by the 
prt'senee of .substituting groups. The addition products on boiling 
witli alkali gave the com*s|>o ruling coumaric acids, (’oumarin- 
3'acetic aeld Isyiithesizisl by (1) cotulensing 0-hy<lft>xy aldehy<les 
with sodium succinate and succinic anhydride, atui {2) by the 
condensiiiion <»f phenols with a<'t‘tosucc*inic ester) and also eoumarin- 
4-aeetic aei<i were shown to have a nietfiylene group reactive 
1 0 ws i n Is a Ic le I rye b»s . The c ‘<*m jm ni nds wit 1 1 p •<» x y Ihui zit h I e hy <1 es 
ntui vaDillin sliowi^l intert'stiug col<iur*rt*aetions on alkalihc^atioii. 
Tile constitution of /J-na pht h«»py nine was establisluxi by synthesis. 
The gcometrie isomerism in this group was slurwn to dep^md on 
tlie nature of substituents arul some stable ei-s*a<’i<ls wei>* pre|Mre<b 
The lV<’hmann conditions of synthesis wore shown yield gimcrally 

eoumarins only but in the ease of ^-na pht hoi the com*spt>nding 
chromone was also obtained. Similar investigations were carric<i 
out by D. Chakra varti who .<tudusl the intiuemv of substituents 
in the 2 components in a count arin syntheMs ancl also the effect 
of different condensing agents. He also us<*<i the reaction t4> 
establish the constitution of <-ertain .sid^stituNd phenols and 


< oumarins. B. B. Dey has also synthesizcsl a numU’r of quinolino- 
a-pvrones which on tifatment with alkidi readily yiel<b*<l the 
« omparntively stable cis-aeid thereby affording evideiu'e in support 
of the hy|K)t’hc.«i.s that groups like the nitm. amino, or qiiinolinf* 
.stabilize the pyrone ring aiul yield stable eis-acids. Foro. eoumarins 
wetx' pcx-pmsi by J. X. Hay. The work of Wnkiitaraman and 
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his co-worker on chromones. flavones and iso-flavonc-s have alieiidy 

be«n mentioned. . 

In this group may be mentioned the studios earned out t>y 
P. Neogi and his pupils on the action of nitrous 
General amines ; the prepjvration of aliphatic 

nitro compounds from nitrites ; of a number of metallic hypo- 
nitrites • of organic mercury compounds from phenols, phenol ethers 
and aromatic amines. They studied the phenomenon of geomctnc 
inversion of unsaturated acids brought about by exotherm !<• 
reactions. The attempts of Keogi and co-workers at resolution 
of co-ordinated inorganic compounds into oi>tical isomers liavc 
resulted in the resolution of triethylene-cliamino-cadmium 
chloride, bromide, iodide and sulphate and tricthylcnc-iHamiudzino 
chloride and sulphate. A series of interesting organo-nrsenic, 
antimony and mercury compounds were prepared by N. C. Niyopj 
with the object of obtaining therapeutically active com|>ounds. He 
also established the constitution of ‘ urea stilw mine 

Much work has been carried out by B. K. Sing and his pupils 
on the dependence of optical rotatory power on the chemical 
constitution of a series of compounds obtained by condensing 
aromatic mono- and diamino^com pounds with camphor quiiionci 
and incidentally some products of exceptionally liigh molecular 
rotation have been described. They also used the determination 
of rotatory power for differentiating l>elweeii isomeric, taiitonieri<', 
and polymeric bodies from polymorphic bodies und made an 
Extensive study of the mutarotation of oxy methylene camphor. 
P. C. Guha has also studied camphor derivatives shomng ver>' 
high rotation and the problem of Walden inversion as applied 
to the conversion of <f-tartaric acid into ^acld. 

An interesting demonstration of the existence of the 4- methyl 
oylohexane ring in strainless configuration was provided by 
M. Q. Khudah who isolated 4«Meth7lCyJohexanc«l-carboxy : I acetic 
acid in four isomeric forma. He and his pupils also studied the 
ketodactol tautomerism in the 3-keto-acid$ from the methyl- 
cyclohexanones. 

The problem of orientation in the benzene series has been 
studied off and on by several workers and some work lias been 
done on the influence of nuclear substituents on side chain react ions. 
The work in this field however is not easily summarizable. Lt 
group the work of Simonsen has already been described. 
Sudborough studied the alcoholysis of a number of aliphatic and 
«omatic esters with a view to study the hindering influence of 
O-substituents on the process. P. S. Varma has carried out 
.extensive balogenations of aromatic compounds and has successfully 
introduced iodine into a number of benzene derivateries. 

An extensive study has been made by K. G. Naik and his 
P^pll^ of the actioti of sulphur mono- and dichloride, thionyl 
chloride and chlorosulphonic acid on a number of types of 
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compounds containing the reactive methylene group, especially 
mono> and dibasic acid amides and cyanoacetamide. The intro* 
duetion of mercury into such molecules has also been studied 
using mercury acetate and mercury acetamide. 

Another systematic series of investigations were carried out 
by (the late) A. N. Metdrum and his co-workers who studied the 
condensation of chloral on various acetamides and used the reduction 
of the •CH(OH)CCl 5 group in these products for the synthesis 
of cochin iUlc, carminic and a-coccinic acids. They also prepared 
and determined the constitution of a number of nitro- and sulpho* 
salicylic acids. From the chloralldes of oxybenzolc acids they 
synthesized substances like m-hemipinic acid and also some phenyl- 
acetic acids corresponding to gallic and other poly-oxyacids. 

P. K. Bose has found that O-dinitro benzene is a very suitable 
reagent for the detection of reducing sugars and poly hyd rosy* 
benzenes. 

V. Applied CHEsasTRY. 


In India, natural products constitute a vast source of raw 
materials and their proper utilization and scientific study being 
of great economic importance to the country, have received due 
recognition {rota various workers. 

The Departments of Industries in the various provinces have 
/Ml A surveyed the quality and quantity of different 

* *** * oil seeds. Refining of various oils and the 

butter fat (Ohee) has been studied by Chatterjee, Chowdhury and 
Das, Men on and Menon and Datta, while their hydrogenation has 
been studied by Patel and by Mukerjee. Chemical examination 
of Malabar Sardine Oil and isolation of fatty acids from the same 
have received attention from Sud borough and co-workers, while 
the fatty acids of the common freshwater carp, Labeo rchita, have 
been isolated by Choudhury and Sarkar and the oil of the Indian 
Shad, Hiha ilU?ta has been analyzed by Datta and Goswami, 

Ck)mpo8ition of oil from jute se^ has been studied by Sen ; 
oil of ' Cantharis * has been investigated by Iyer and Iyer ; oils 
of ‘ Datura Stramonium * Linn., * Ari^tolockia Indica ' hinn.y BtUea 
frondosa and Psarolta cor yli folia have been studied by Manjunath 
and co-workers. Krishnan and co-workers have investigated 
a com and various other oils, while Watson, Simonsen, Sudborough 
and others have also .studied the composition of various se^ oiJR 
from indigenous sources. Dikhit and Datta have investigated 
Indian ‘ Btl ’ [Atgh Marmelo^) oil and have classed it as a di^g 
oil having puigative action. Goswami's work on the composition 
of boiled oils and his synthesis of ring glycerides of dibasic acids 
with a view to elucidate the constitution of oils may also be men- 
tioned here. * j i* *♦- 

A possible new use of vegetable oils and unsaturawd lawy 
acids for the manufacture of lubricating oils, synthetic resins 
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and moulding powders may be deduced from the work of 
Chowdhury, Cbakraborty and Mazumdar on the polymerization ot 
unsaturated fatty acids and their glycerides. , , 

Goswami and Basu have put forward a new analytical constant, 
hypochlorous value for the determination of unsaturation and 
the method is reported to be independent of time factor, and 
allows simultaneous determination of the saponification value. 
Sudborough and co-workers have studied the relation between 
iodine values and refractive indices of oils. Detection of mineral 
oils in vegetable oils has received attention from Guthne, while 
the refractometrie method has been utilized for the quantitative 
estimation of adulterants in butter fat (GAee) by Godbole and 
Si^opal who have also suggested a modification of the methods 
for the determination of ‘ A ’ and ‘ B * values of oils. 

The suitability of a large number of vegetable oils for the 
manufacture of soaps has been investigated 
Soaps Datta and co-workers, Duke and Sen and 

others. In the selection of suitable oils and fats for a proper 
blend, the I.N.S. and S.R. numbers of Webb were found inadequate. 
Das Gupta has, therefore, suggested two new factors, S/T and 
I/T, the former being the ratio between sa|Mnification value and 
the titre while the latter is the ratio between iodine value and titro. 
Datta has suggested a new number, called the hardness number, 
for the purpose, which is given by the following expression 

I.N.S.+Titrex3-7. 

Por toilet soaps, this number should He between 299 and 309, 
while maximum detergency suitable for washing soaps was obtained 
with a hardness num^r of about 279. 

The problems of preventing defects in soaps in tropical climates 
have received due attention from several investigators. The 
causes of the sweating of soaps have been investigated by Godbole 
and Sadgopal, Das Gupta, Goswami and Cbatterjee. Chatterjee 
attributes the phenomenon to ' s3aieresis * caused by gradual trans- 
formation of soaps from gel to crystalline structure, but other 
investigators maintain that sweating is due to the presence of low 
molecular and unsaturated acids and to the presence of free glycerine 
and alkali in soaps. 

The causes and prevention of cracking of toilet soaps have 
been dealt with by Sadgopal. Deterioration of soaps by oxidation, 
&nd its prevention has been dealt with by Levitt. Proper selection 
of raw^ materials, addition of small quantities of thiosulphate and 
rosin, presence of traces of free alkali and careful drying help 
m preventing oxidation of soaps. Mitter has devis^ special 
drying chambers for soaps, and the use of sodium carbonate to 
^place a part of caustic soda in the saponification of oils and fats 
has been suggested by Datta and Dks. Goswami suggests the 
utilization of glycerine in soap lye by oxidation into formaldehyde. 
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Chatterjee has found that Afokua oil is oompletely saponified by 
40% alkali in the cold and has, therefore, suggested its extensive use 
m cold process soaps. 

Though India has an extensive supply of raw materials for 
Essential oils manufacture of peifumery, this industry 

is hardly developed in India. A survey of raw 
materials has been given by Sadgopal. Work of a fundamental 
nature on the constitution of several essential oils has been done 
by Simonsen, Sudboroiigh, Sanjiva Rao, Moudgill and others, 
and the Mysore Government Factory for the manufacture of Sandal 
wood oil owes its origin largely to the incentive given by the Indian 
Institute of Science, Bangalore. Watson and Mulany have investi* 
gated the preparation of camphor from pinene and have also 
determined the pinene content of Indian terpentine oils. 

The Forest Research Institute at Dehra Dun has done valuable 
« 1 work on Indian timbers. Fitzgerald and Kapur 

cellulosic^ s^u b - J^tudied the air** and kiln -seasoning of 

stances Indian timbers. Raitt’s work, demonstrating 

the suitability of bamboo for paper pulp, 
has opened up a cheap and inexhaustible source of raw material 
for the paper pulp industry. The preservation of timbers by 
treatment with antiseptics has received attention from Pearson, 
Warr, Popham and others. Kamesam has been able to discover a 
biglily active preservative containing chromium and arsenic. 
The importance of rotproof and termite proof timbers, not only 
for railways and the mining industr}*, but also for .structural purposes, 
both outdoor an<l indoor, cannot be exaggerated. It has been 
claimed that even the soft wood, if properly treated, will last for 
at least 20 years and can, therefore, compete with steel for structural 
purposes. Nagle has tested Indian timbers for veneer and plywood. 
Various Government Departments have made a survey of various 
woods suitable for the match-making industry ; Datta has bleached 
Oangiva wood to make it suitable for matches. Distillation of 
certain woods and examination of the tar obtained has been done 
by Sudborough, Watson and co-workers. 

Saccharification of wood and other lignocelluloses with a 
view to the production of power alcohol has been studied by several 
investigators. Thus power alcohol in good yield has been obtained 
from Oangwa wood and from water hyacinth by Sen and co-workers, 
from rice straw by Deshpande and from bagasse by Fowler and 
Banerjce. 

In an important communication, Sen and Das Gupta claim 
to have obtained large quantities of liquid products directly from 
eellulosic substances without saccharification by the action of two 
now spore forming -organisms isolated by them from horse dung. 
Symbiotically, these organisms decompose over 90% of the cellulose, 
producing 82% of its weight of volatile acids (acetic acid) and 
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10-15% alcohol without the production of any methane or tjy<»ro/?cti 
the onlv gases evolved being CO* and H-S. 

Of the cellulosic fibres, jute has received oonsideniblc attention 
from Cliowdiuirv and co-workcrs. They liave 
found that lignin in jute can lx* progressively 
removed either by treatment with a ereasotc- pyridine mixture or by 
the action of chlorine peroxide on the moist fibre when some of the 
fibre qualities, particularly the colour, improve. Lignin, liowcycr, 
serves to protect the binding material in jute and its coinplele 
removal considerably weakens the fibre. Sarkar has improve<l 
the tensile strength of jute and its resistance against rot by treatment 
with formaldehyde while these properties together with the elasticity 
have further been improved by Chowdhury and hi.s students by 
treatment with suitable antiseptics. Bagchi has explored new 
applications for jute and showed that jute nitrocellulo.se can be 
made as stable as cotton nitrocellulose and that owing to its low 


viscosity and higher solubility, it is more useful for the la^'qucr 
industry. Chowdhury attributes the fibre qualities of jute to its 
fundamental structure and composition, and fimls that the cellulose 
molecule of jute is actually smaller in length than the molecules 
of cotton cellulose. The differences in the physical and clieinical 
properties of the two celluloses can thus be explained. Besides 
cellulose, the nature of the accompanying matters has profound 
influence on the properties of the fibre and has, therefore, been 
investigated. The cementing matters liave been found to consist 
of polymerised hexoses and pentoses, particularly xylose, com* 
bined with uronic acids whose presence explains the behaviour of 
the fibre towards basic dyes. Sarkar hn.s studied the constitution 
of Jute lignin. Barker in his review of jute industry in India 
(^aws attention to the importance of these fundamental investiga- 
tions for manufacturing practice. 

The sugar industry does not appear to have received the 
Suftar attention that is due to it. In 1925, Hutclunson 

and Eamayyar studied the problem of loss 
of sugar by inversion and since then no other w'ork on this important 
problem seems to have been published. Srivastava has dincusaed 
the Open -Pan-System of white sugar manufacture, while sugar 
from palms in Hyderabad has been investigated by Bhate, 

With the growth of the Indian Sugar Industry, tlie utilization 
of molasses presents an important problem. Watson has tried 
^ recover sucrose from cane sugar molasses, while its utilization 
for alcohol, acetic acid, acetone or as cattle feed has been suggested 
10 R6/*^*^* Gupta have obtained 67% acetic acid and 

^“' 0 ^ alcohol from molasses by the action of the organisms isolated 
by them from horse dung. Dhar recommends its use as a fertilizer, 
^nd claims that besides introducing organic matter, it serves to 
conserve the valuable nitrogen of the soil. 
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In the field of tanning, the Departments of Industries in 

Tanning various provinces have made a survey of the 
possibilities of this industry in their respective 
provinces while a large number of workers have examined the 
suitability of indigenous tanning materials and their tannin content. 
Tannery Waters have received attention from B. M. Das in Calcutta 
and Guthrie in Madras. The various kinds of stains in hides and 
skins, their causes and prevention, have been studied by Guthrie^ 
Patwardhan and others. 

Under the auspices of the Lac Research Institute at Ranchi 
Lac and Shellac under the guidance of G. Fowler at 

Bangalore, a large number of workers have 
devoted attention not only to cultivation but also to bleaching, 
chemical composition and physical and mechanical properties of Lao 
and Shellac. The most important industrial development in this 
field is the recent utilization of shellac for moulding powders by 
Gardner and co-workers. 

The importance of coal as a fuel has attracted several investi- 
gators. The chemical composition of Indian 
coals has been investigated by Bbattacharjee 
and by Mahadevan while the action of solvents on coal has been 
studied by Datta Roy. The proximate composition of coaU 
has been determined by Fermor who has also studied the relationship 
between specific gravity and ash content of certain coals. Cleaning 
of Indian coals has hetn dealt with by Bose and Gupta, while 
Randall applied the Froth Flotation process for the same purpose. 

Low Temperature Carbonization of Indian coals has been studied 
by Standley, Fermor, and Sen and co-workers. Sen, Ray and 
Guha have improved the method of low temperature distillation 
by admixing the coal with its own weight of tar, the result being 
a much higher yield (50%) of primary tar. Sen and Ghose have 
improved the proportion of neutrals in the tar by adding iron 
filings, potassium acetate and sodium carbonate in the ordinary 
low temperature distillation, thus obtaining a better quality of tar 
with low neutral phenol ratio, which is suitable for internal 
combustion engines. 

Generation of gaseous fuels from water hyacinth has been 
^ _ investigated by Sen and Chatterjee, while the 

Gaseous Fuel production of combustible gases from sewage 
sludge and vegetable matter has been studied by Griffin. J. C. 
Ghosh and Chakravarty have investigated the catalytic formation 
of methane from carbon monoxide and have been able to evolve 
satisfactory catalysts for the production of fuel gases rich in 
methane. In course of this work Ghosh, Chakravarty and Bakshi 
have prepared a very active catalyst which enables the simultaneous- 
determination of the equilibrium at temperatures between 400® and 
500® of the following technical gas reactions : — 
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(1) CO+HjO^COj+Hi ; (2) 2CO+2H*=CH4+CO, ; 

(3) C0+3H,=aCH4+H2O. 

Ohosh and Sen have also been able to syntliesize higher paraffins 
from water gas at ordinar}' pressure by the use of suitable catalysts, 

Chowdhury and co-workers have prepared Itighly active mixed 
absorbents consisting of alumina and silica 
ADsor «o a gels and have used it for various industrial 
purposes such as recovery of benzol from coke oven gases, decolor - 
ization of vegetable oils and desulphurization of mineral oils. Rai 
Choudhury has also prepared activated charcoal of high activity 
suitable for u) dust rial application. 

In the field of chemicals, Marsden lias drawn attention to 
Chemicals tamarind as a raw material for the manufacture 
of tartaric acid and the lime for citric acid. 
Sud borough and co-workers have extracted caffeine from tea 
waste, while Watson and Sen have prepared strychnine and brucine 
from Nux Vomica, and Watson and Mulany have obtained camphor 
from pinene obtainable from terpentine oil. Chowdhury and 
co-workers have obtained benzoic acid and pbthalic acid in satis- 
factory yields by the catalytic oxidation of toluene and naphthalene 
respectively in the vapour phase. Watson and Jatkar liave also 
us^ solid catalysts for the production of ether. J. C. Ghosh and 
Bakshi showed that if ceria were added to a copper catalyst as 
promoter to the extent of 1%, continuous dehydrogentation of 
methanol to formaldehyde can be effected even at 200^. 

H. K. Sen has been able to devise an electrolyzer for conducting 

Elect rocbemlcal * 25% soda solution in a closed 

Industries system on a semi -technical scale producing 
hydrogen and oxygen under a pressure of 120- 
160 atmosphere, thus producing hydrogen under high pressure 
suitable for pressure hydrogenation. The problems of dry cells have 
been investigated by Ray and Ray and Vepa has measured the 
potential of dry cells with magnesium chloride electrolyt-e. The art 
of chromium plating has been discussed by Parekh, and theoretical 
investigation of this process has been conducted by Syed Hussain. 
Mention may also be made here of the production of photographic 
plates by Kcr. 

Xa the field of inorganic industries, mention may be made 
of the manufacture of ultramarine blue from Indian raw materials 
by Mukerjee ; Mukherjee and Drane have examined the suitability 
of Indian sands for glass industry, while Dixon has devised a furnace 
suitable for glass making under liidiaD conditions. Datta has used 
'wte glass as a source of sodium silicate. It may be expected 
“lat the recent foundation of a research laboratory by the Tata 
Xroa and Steel Co. will serve to foster research on the aUoys of 
iron and steel in India. 
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VI. Biochemistry. 

The credit for initiating res^rches in Biochemistry in India 
goes to Prof. Fowler of the Indian Institute of Science at Bangalore. 
Besides certain miscellaneous investigations, interest has centred 
round the following principal lines of biochemical research : nutrition 
and deficiency diseases, enzyme action, and soil microbiology. 

The pioneer work of McCarrison indicated that the Punjabi 
diet was the best and the Madrasi diet the 
Nutrition and in India. Considerable work of value 

Food-sruSs° ^ problems of nutrition in 

general and on the fitctors responsible for such 
tliscases as beri-beri and goitre, a fuller account of which is given 
in another chapter of this review. 

Investigations at Bangalore on proteins of pulses were concerned 
with the extraction with different solvents, 
Pulses purification, and estimation, of the individual 

amino acid.s. Elensinin, the alcohol soluble protein ofJRagi (Efenaine 
Coracaiui) was extracted and analyzed by Narayana and Norris 
in 1928. Sundaram, Norris and Subraman 5 'an found the chief 
proteins of Cajanus indicus to l)e two globulins, one of which was 
deficient in tryptophan. Narayana extracted and analyzed the 
globulin of Bengal and horse gn»m and found them deficient in 
cystine and tryptophan. The globulin fraction of ftnvgruck has 
been found by Sreenivasa Ram and M. Sreenivasayato be character- 
ized bv a surprisingly high content of histidin while the protamin 
fraction was found to contain higher percentage of cystine and 
tryptophan. Miss Kamala Bhagvat has studied the globulms of 
the cowpea {Vigna catiang) and of the aconite bean (P. AcanUifohus 
Jaca.) from the analytical and physico-chemical point of view. 
She has also done some work on. the non -protein nitrogen of different 

pulses. ^ 1 , • 

At Dacca, Basu and co- workers (Nath, Gham, Mukherjee 
and Basak) have studied the biological value of the proteins both 
by the balance sheet and by the growth methods, and have investi- 
gated the supplementary relations between the proteins of different 
food stuffs. Extraction and chemical analysis of the protems 
liave also been carried out to discover in which essential nmmo- 
ncids a food-stuff is deficient. Green gram proteins appear to be 
.superior to lentil proteins both with regard to mamtenance ^ 
nitrogen equilibrium and growth-promotion and lentil 
to be^defioient in cystine. Aus and Aman nee arc equaHy effic^nt 
for nitrogen balance but Aman is much superior as regards 
promotion; here again cystine or methionme ap^axs ^ bo the 
deciding factor. There is a supplementar\ relation, so far as 
growth^ concerned, between rice and pul^ 

trntom^ aonear to be of good quality. Field pea and LatkyrM 
lativa pro^ins are equally efficient for maintenance of nitrogen 
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balance but Lathyrus 9ativa fails to cause any growtli due to loss of 
appetite caused by a toxic factor. Lathyri.sm could not bo hiduced 
in rats. HiUa (fiiUa ilisha) fish proteins appear to be inferior 
to the proteins of Rohu {Labeo rohita). Damodaran at Madras, 
has made an exhaustive study of the hydrolytie pioduets of proteins, 
and is now investigating the proteins of the enshow nut. Prof. 
Niyogi and co-workers at Bombay Imve also done w)me work on 
the nutritive value of the Indian pulses, Slention should also be 
made of the interesting work of ^nkuran and Kanganathan on 
the molecular formula of thyreo -globulin. 

Early work at Coonoor show^ that the quality' of rice ilcpended 
a good deal on the environmental conditions 
at the period of growili. Basu and Sarkar 
have carried out extensive analy.sis of a large number of A us and 
Aman varieties of rice in their different states, whole rice, de husked 
rice, polished, parboiled and non-polishc<] rice. In vitro digestibility 
studies of starch of different varieties (Basu an<] Sarkar ; Basil and 
S. P. Mukherjee) of rice and also of proteins by <liffercnt enzymes 
have revealed the superiority of over A us rice. At Bangrtlore, 
the changes in rice toking place througli storage, infiucnce of season 
and manuring on quality of rice, and thorough parboiling have been 
studied. Attention has also been drawn to tlie heavy loss of 
phosphorous through milling and suggestions made for the use of 
unpolished and coloured rice. Tlie chemical composition of 200 
common Indian food-stuffs has been detcrminc<l by Ranganathan. 
Sundararajan and Swam in a than. N. C. DuttA lias c.vamlned the 
metallic contamination of Indian food -stuffs and has sliown how 
the peculiar nature of the food materials concerned in many ports 
of India is responsible for the heavy corrosion of the clieap metallic 
containers that are commonly used, 

Aykroyd and co-workers have determined the carotene and 
Vitamios Vitamin A requirements of children and measured 
the growth of embryonic nervous tissue in 
plasma of Vitamin A deficient fowls and rats. Radhakrishna Rao 
has made a study of Xerophthalmia and Trigeminal nerve degenera- 
tion in Vitamin A deficiency. Wilson and Ahmed have studied 
^e metabolism of carotene and the absorption of carotene and 
Vitamin A in the human subject. De has carried out similar 
experiments in rats and has developed a spectrographic method 
lor the estimation of Vitamin A. B. N. Banerjee has studied 
the problem of the preservation of Vitamin A in Ohu. and has 
* * a number of factors, such as, moisture, heat, adulteration 

mth by^ogenated oils, contribute to the destruction of this consti- 
^ent. Investigations of Indian fish liver oils have shown that many 
01 them are richer than cod-liver oil in Vitamin A, though less 
potent that halibut liver oil (B. C. Guha), ® 

Guha and co-workers (Biswas and Chakraborty) have isolated 
Keno-flavm from ox-kidney, have drawn attention to the (a) 
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multiple nature of Vitamin of which lacto^flaviD is one 
component, and (2)) the relation between dermatitis, pellagra and 
eye -diseases and deficiency in Vitamin They have also measured 

the Vitamin B content of rice, water of the green cocoanut and of 
poppy seeds. Aykroyd and Krishnan attribute stomatitis in 
school children to Vitemin deficiency which can be cured by 
dried yeast or skimmed milk. The solubility and isoelectric 
point of Vitamin B, have been determined by Sankaran and De. 

The problem of the biosynthesis of Vitamin C has received 
attention. Of all the common sugars, mannose was found to 
produce ascorbic acid in experiments with rat-tissues carried out 
both in Vitro and in Vivo. The enzyme system concerned has been 
extracted from germinated phaseolus mungo. Experiments in this 
connection have al.so been carried out with the tissues of the monkey, 
rabbit, pigeon, etc. in order to throw light on the mechanism of 
this biochemical transformation. Some common Indian fruits 
like the mango and It chi have been found to be much richer in 
Vitamin C than lemon and orange (Ghosh and Cuba). Ahmed 
and Chakraborty have deterraine<l the Vitamin C content of a 
large number of Indian food •stuffs, and the excretion of Vitamin C 
in Urine. Srinivasan has obtained a powerful oxidase specific 
to ascorbic acid in drumsticks, and Cl^akraborty has examined 
variou.H plants and animal tissues for the existence of this oxidase. 
Investigation on the state in which ascorbic acid is present in plant 
tissues indicates that part of it is ascorbigen which can be extracted 
from dried cabbage with chloroform and ether and which releases 
ascorbic acid on heating in an atmosphere of nitrogen (Guha), 

The dissociation constants of pure ascorbic acid have been 
measured and found to be 6*3x10"^ and 2*7x10"** (J. C. Ghosh 
and Kakshit). It has been found, contrary to the observation of 
previous investigators, that ascorbic acid carefully freed from copper 
salts does not readily undergo auto-oxidation, and that the catalytic 
action of copper salts is destroyed by iodine ions which precipitate 
cuprous iodide. Sulphuretted hydrogen, organic sulphur com- 
pounds, and suspensions of chlorophyll have been found to be 
powerful inhibitors of tUis atito-oxidatlon (Ghosh and Rakslut). 

One of the first major problems investigated by Dr. Fowler 
and his associates (Messrs. Mumford, Y. D. Wad 
Ensyme Action q Q^khale) wa.s the manufacture of 

acetone, which was greatly needed as a solvent tluring the War. 
Tlie fermentation process, originally evolved by Dr, Weizmann. 
was successfuly applied and large quantities of acetone produced 

from jawar. _ , , 

Fowler and coUaborators also studied the enzymes of lanlana 
leaves the biochemistry of Mohua flower with a view to obtammg 
a greater percentage of alcohol by fermentotion, the use of antiseptics 
in the manufacture of glue and gelatine, the nature of bactena 
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assoccaUd vnth rice and other cereals, the bioclicmistry of tlio 
indigenous indigo vat. the productioTi of po^-er alcoliol from wa.^te 
celhilose materials, the bacterial o.vidafion of ah-ohol to acc lo 
acid and the retting of cocoamit husk (Behnim, Bliatc, Joslu, 
Habib Hassan, Wad. Gokhale, Srecnivasan. D. L. Son, Banerjee, 
Subrabmanvan, Warsden and others). 

Among tlie recent contributions from Bangalore, special 
mention must be made of tlie series of resourclics on the ‘ in vitro ' 
digestibility of proteins, and on the nature of non-protcin nitrogen 
cf pulses. Enzyme digestion was successfully applied and the 
various attendant changes followetl by elegant and rapid physical 
and physico-chemical methods. New and improved typos of 
dilatometers were devised and applied to the 8tu<ly of vaiuotjs 
biochemical problems. Studies on the nature of amylases adduced 
further evidence to sup|x>rt their non-protcin character. Fresh 
light was thrown on the mode of enzyme inactivation b\' heat and 
activation by neutral salts. Enquiries on phosphatases of animal 
and vegetable origin were started and their activation under different 
conditions studied. Different lipases were also com paired in regard 
to their action on various oils and fats an<l a new te<*hnlqne was 
developed for the detection of adulteration of glieo and butter. 
Conductometric changes consequent on enz^'me reaction were 
followed and elegant methods for the estimation of micro-qiian titles 
of biological products llko urea and arginine developed 
(Sreenivaaya, Girl, lyenger. Shastri, ^iiss Bbagvat, Menon, Rao, 
Aoharya, Srikhandc and others). Mention must also be made of 
the studies of Dalvi on the fermentation of tanliquors, of Beslijuindc 
on the fermentation of straw and of Reddy and Subrahmanyan on 
Sonii fermentation. It is interesting to note that Guha and Das 
have discovered a new enzyme inositol dehydrogenase in the bruin 
and kidney tissue of the rat. H. K. Sen has studied the activity 
of carboxylase in different varieties of yeast on a Keto caproic 
acid and dimethyl pyruvic acid (Sen). Symmetrical and \m- 
symmetrical dichloroace tones were reduced by strongly fermenting 
sugar solutions with excess of yeast (Sen, Sen and Barat}, producing 
III good yields the corresponding dichlorisopropyl alcoliols, of 
which the unsyminetrical one was optically active. The strongly 
teducing property of fermenting yeast was taken advantage of 
in developing a theory of alcoholic fermentation based upon the 
reduction of ether or anhydride linkages in the sugar molecule 
(^n and Barat). Sen and Banerjee examined the decomposition 
of p^ vie acid by various substances, organic and inorganic, 
and have shown that some complex protein materials like gelatin, 
egg albumin, etc. act as catalysts. The action of ultraviolet light 
■on these so-called ‘ Synthetic * enzymes was further studied (Sen 
and Banerjee), and inhibition was noticed in several instances 
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as with natural enzymes. Gelatin and tyrosine did not accelerate 
the diastatic activity, but would protect it in the presence of 
ultraviolet light at pH 9*6. A pa pain -like enzyme has been 
obtained from the milky juice of Calotropia giganUa and its 
purification and activation by glutathione and ascorbic acid 
studied (Basu and Nath). The action of a number of basic 
and acidic dyestuffs and of some narcotics on trypsin and on 
papain ha.s been investigated by Basu and R. K. Chakraborty 
with the object of elucidating the nature of the enzymes. Basu 
and S. P. Mukherjee have establi.she<l the identity of the Schardinger 
enzyme and xanthine oxidase of milk. Glutathione as well as 
ascorbic acid (Basu and S', P. Mukherjee) has l>een found to accelerate 
the aerobic oxidation of xanthine and aldehydes by milk enzyme. 
Ba.su, Nath and S. C. Chakra vorty found that the oxidising enzymes 
in betel leaves were capable of oxidising many substances. 

B. B. Dey has dcvise<l a new method for estimating the 
peroxidase activity of Indian plant 8ap-‘< using hydroquin one as 
the substrate. The quinhydrone formed is estimated after filtering 
it by Valour’s methcxl. 

The influence of various factors on the peroxidase activity 
has been studied with respect to the sap from Chow-Chow which 
was found to be much richer in the enzyme and free from catalase. 

In course of their studies on the induced oxidation of carbo- 
hydrates, fats, etc. at ordinary temperatures, 
lihar, Pal it and ISlittra have shown that sub- 
stances like glucose, starch, cane sugar and 
fatty acids, when mixed with aubstances like 
sodium sulphite, freshly precipitated ferrous, ceroua, manganous 
and other hydroxides, are ox i< Used to CO* and water. They have 
shown by oxidising tartaric acid, starch and sugar that the oxidising 
power of hydrogen peroxide is greatly accelerated by ferric and 
ferrous salt.n, and that citrates and tarta rates are directly oxidised 
to carbon dioxide by air in the presence of sunlight and inductors 
like ferrous hydroxide. They also conclude that the phenomenon 
of oxidation in the ti.ssiies is prolwvbly due to the induced action 
of easily oxidisable substances like glutathione, insulin, ascorbic 
acid, and suitable compounds of iron, copper and manganese. 

J. C. (Jhosh and Rakshit have made a quantitative study of 
the oxidation of sugars by air in presence of ceric hydroxide sol 
and ccrous liydroxide gel and detected the presence of ceric hy dro- 
peroxide as an intermcdiale product. Inhibition was notice<l 
with glycerine and results have been explained on the basis ot 
Wiclands’ Dc^hvdrogcnation Theory. Physiologically active sulphur 
compounds like <-vstino were found to lx* easily oxi<hsed by hydrogen 
peroxide in prc.scncc of tungstic acid and molybdic acid to cystei^ 
acid and cvcui to the stage of formation of sulphuric acid (UhosU 

and Kur), 


Oxidation of 
biological 
systems 
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J. C. Ghosh and co-workers (Ganguly, Ray ChoucHiury, 
Rama char) have invest lgato<l the oondi lions 
under which reliable results for the oxidation- 
reduction potential of biological systems like 
glutathione, evsteine. ascorbic acki can be 
obtained. They were able to eliminate the 
last traces of oxygen absorbed on the .surface of electrodes or 
dissolved in solutions, bathing the electrodes by cathrvlic reduction 
with hydrogen, and removal of the hydrogen by a current of 
purest nitrogen and established the following e<|uations for oxidation- 
reduction potentials : — 


Oxidation - 
Reduction p o • 
tentlal in Biolo- 
gical systems 


E 


RT « RT . (Dehvdroascorbic acid] 

(Ascorbic acid) 


E - 0 079 
E 


RT 


^ . RT , JCCystine) 

Pu+ — . iog jcystcine) 


0008 -^ 


Ph+^' log 


^[Oxidised Glutathione] 
[Glutathione] 


Considerable attention was devoted by Fowler and his associates 
to the transformations of organic matter and 
minerals of micro-organisms. The investiga- 
“ tions on nitrogen transformations in activated 

sludge demonstrated the conservation and even fixation of nitrogen 
under conditions of vigorous aeration. These studies have led 
to the well-known Fowler method of composting waste minerals 
(Rege and Kotwal). Recent investigations by Subrahmanyan and 
co-workers bave revealed the advantages of short period hot ferment- 
ation followed by anarobic degradation in closed chambers. 
Reference should also be made to their studies on soil Actinoiu^'ces, 
on the decomposition of different organic substances in swamp 
soils, and its bearing on the economy of carbon and nitrogen in the 
system, and to the observation that nitrate in soil is soon converted 
by micro-organisms into ammonia as soon as it is abater -logged. 
De and Sarkar have found that added nitrates are rapidly assimilated 
by micro-organisms in water- logged soils when the ratio of energy 
carbon to nitrate nitrogen is greater than 30 ; when the ratio is 
narrower, a portion of the nitrate may denitrify slowly. De has 
also observed that fixation of nitrogen takes place in Indian padd}* 
soils when water-logged and expos^ to sunliglit due probably to an 
algal process, 

Dbar, Mukerjee and Kar have shown that by application 
of molasses, formation of ammonia is enormously increased provided 
there is sufficient aeration. 

Investigations have been carried out by B. N. Ghosh and 
Snake Venom co-workers on the mechanism of antigen 
antibody reactions and on the constituents 
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of the venoms of Indian snakes. The neutralization of antigens 
by antibodies has been accounted for by an equation deduced 
on the assumption that one of the reactants is absorbed on the 
surface of the other and that the absorption is preferential. The 
equations have been successfully applied to explain quantitatively 
tl»e^ neutralization of strepto-lysin, cobra -hsemoly sin, diphtheria 
toxin and ricin by their corresponding anti-substances (Ghosh). 
Ghosh and Ray have studied tlie effect of electrolytes on the rate 
of flocculation of toxin — antitoxin mixture of dipbtheria and tetanus. 
^ cnoms of Xoja naja, Vipera rus9dli and EchU carinata contain 
A proteolytic enzyme very siraOar (Ghosh) to trypsin and an oxidase, 
oxidising haemoglobin to methaemoglobin. The neurotoxin and 
haemolysin of Naja ^^aja venom are strongly basic in their chemical 
nature and have no iso- electric point between pH 2*2 and pH lO’O 
(Oliofih and De) : with the aid of cataphoretic experiments using 
intercepting membranes the quantity of associated proteins has 
been greatly reduced. 

Linton and his co-workers, Shrivastava and B. N. Mittra 
have been carrying out exten.sive investigations on the antigenic 
structure of I’ibrio choUrm since 1032 under the auspices of the 
Indian Research Fund Association at the All-India Hygiene Insti- 
tute, Calcutta. 

Although his interests are mainly pharmacological, Chopra 
at the School of Tropical Medicine, Calcutta, with his co-workers 
has been currying on researches on Biochemistry as well. Physical 
properties of blood sera (with S. G. Choudhury) electric charge of 
erythrocytes (with S. G. Choudhury) proteolytic enzyme in cucumber 
(with A. C. Ray) protein fractions of blo^ sera (with Mukerjee, 
Sundar Rao, G. .S. Chopra, B. Sen and J. C. Gupta) of persons 
both normal as well as suffering from different diseases, colorimetric 
determination of lecithin, atebrin, etc. in blood ; and indophenol 
reducing properties of urine (with A. C. Roy) — these are some of 
the subjcctss that have engaged his attention. Extensive investi* 
gation.s have been carried out by Chopra on the Indian Indigenous 
Drugs under tlie auspices of the Indian Research Fund Association. 
Systematic chemical examination of the indigenous medical plants 
has been done by Prof. Sudhamoy Ghosh of the Tropical School, 
and the constituents have been purified. Basu and Nath have 
isolated a stable sterol from the milky juice of Caiofropis giganUa 
and Basu and R. K. Chakravarty another sterol from Oaricapapa^- 
Nath has Isolated a crystalline sterol- 1 ike ketone from the Indian 
summer fruit Artocarpii4 integrifolia. . 

An important enquiry was undertaken by Dr. Norris and 
CO -workers several years ago on the spike- 
Spike disease disease of Sandal. As the disease was causing 
^ ^ serious ravages in JUdras and Coorg, the 

enquirv was subsidized by the Governments of those provinces, 
and a* special staff engaged for the study of the various aspects 
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of the problem. The series of biochemical memoirs jiiiblishcd by 
M. Sreenivasaya and his associates and b\’ A. VanKlniju 
Ayengar have thrown fresh light on the nutrition of Sandal and 
the biochemical transformations associato<l with the distnise. They 
have also led to measures of controlling its spread In niiturc. 
Sceenivasaya established the infeetious nature of the <lisease and 
adduced evidence to show how it is spread in nature. Iii associa- 
tion with Rangaswami, he also demonstrated tliat the disease can 
be transmitted by insects. Among the several memoirs dealing 
with that aspect of the problem, special attention may be dirooU‘d 
to a series of papers published by C. F, C. Beeson and N. 0. 
Chatterjee on the fauna of ^andoi forests and that of C. Dover on 
insect transmission of the spike. 
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I. IXTBODUCnON. 

Seventeen years ago the present writer bad occasion to review 
tlie position of Geology in India when he stated ‘ in a country 
like India where the ground to be covered is so vast and the workers 

( 86 ) 
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«r, ft.w the disproportion between the work acc-oraplishod and tl.nt 
yet at Jts ^complishtnont is mnch grr-ater and w.ll 
so for a long time to come. The reason for this is obvious. The 
science of glologv has held in the past and still hoUis, in respect to 
the sister sciences, an unenviable position m India, toi, besides 
the inexplicable indifference of the educated people of India towards 
«ology-a people who evolved in the past some of the earliest 
true lincepte regarding the fundamentals of the bcien^ of the 
earth— it has not been fortunate in receiving that share of amateur 
contribution from men of liberal learning and cnltnm who generally 
fill the public service of India and who have enriched the records 
of Indian natural history, etlinography. botany and arcli»ology . 

The position now happily is considerably altered, and though 
the great bulk of geological research yet continues to emanate from 
the official bodies, the Geological Survey of India and t he Geological 
Departments of one or two States, there have been .some very 
notable additions to it within the last fifteen years from some of 
the Universities, research students and the geological experts in tlie 
employ of some industrial firms, notably the Burrmvh and Attock 
Oil Companies. During the period under review the Asiatic Society 
of Bengal has published a number of geological papers ; the Mining 
and Geological Institute of India has greatly increased its member- 
ship and activities, the Geological, Mining and Metallurgical Society 
of India has been established, and the recently founded National 
Institute and Academies have published a few papers on Indian 
Geology. _ 

The main lines of advance in our knowledge of Indian Geology 
and Geography may be classified under the following heads 

The Archsean fundamental complex. 

The Gondwana system of Continental deposits. 


Tlie Deccan Trap. 

The Salt Range. 

The Classification of the Tertiaries. 


The Tectonics of the Himalayas. 
The Indo-Gangetic Trough. 

Recent Advances in Palaeontology. 
Economic Geology. 

Geography and Geodesy. 


' Pre^de&tial Address, Section of Geology, VIII Indion Science Congress, 
Caleutto, 1921. 
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II. The Arch^an. 

^cbaean rocks cover nearly j million square miles of India, 
constituting the main hotly of the Peninsular shield — a rigid 
crust -block that has played* a passive role in geological history. 
As in other parts of the world these rocks present man}’ difficult 
problems of stratigraphic sequence and correlation, still unsolved, 
btit the concentrated work of the Geological Survey of India during 
the last 25 years in a few selected areas, viz., of Fermor and his 
co-workers iji the Central Provinces, of Heron in Rajputana, of the 
Mysore geologists in South India and the vigorous efforts of the 
present Survey* parties working in the Central Provinces and 
Cbhota Nagpur, indicate lines along which these problems may 
ultimately be solved. 

No system of classification of the Arch sea ns of India hitherto 
proposed has met with any general acceptance and any attempt at 
correlating the outcrops of these rocks in distant areas must be 
regarded as entirely tentative and hazardous. The following table 
shows the chief divisions of the Arch sea ns of the Peninsula arranged 
uitbout any strict clironologlcal order 

Mndhyan system : Kumool series ; Pakhal series ; 
Bhima series. 

3Ialani series ; Penganga series. 

Delhi system ; Cuddapah system. 

Eparchfcan unoonformit}'. 

4. Dhanvarian. Aravalli system of Bajputana ; 
iSausar serie.s of the C.P. ; Gwalior series j 
Iron-ore series of Bihar ; Kaialo series ; 
Gangpur scries ; Bijawar series. 
Eruptive unconformity. 

Arch^ah I 3. Granites of Madras, N. Arcot, Bihar (‘dome 
Group. gneiss '). Cliamockites of Madras Presi- 

denej' ; Champion gneiss of Mysore ; 
Norites of Coorg, 31ica- pegmatites, etc. 

2. Schistose gneisses and schists including the 
schistose sediments of l^Iysore territories, 
s 1. Foliated gneisses of the Peninsula ; Bundel- 
khand gneiss. 

(a) Bajputana. 

Dr. A. M. Heron’s work in Bajputana since 1908 has greatly 
clarified the problem of sedimentary Archa?ans in the N.-W. sector 
of the Peninsula (22, 24). Four distinct s.vstems of crystalline 
rocks and variably metamorphosed sediments are proved in this 
area, separated from each otlier by well-marked unconformities, 


PURANA 

Group. 
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each denoting a period of di»stropliii«m iind erosion. The grade of 
metamorphisni present in these old rock groups is highly variable, 
some of these being still at places hardly dislingnisimble from 
shales, while the same rocks when traced along the strike to jirciis 
of tectonic plication and compression become .schists or banded 
gneisses. At the base of titis long sequentv of se<limcntar\' strata 
occur the olde.st gneisses of India — the Bnndolkhand gneis.s, which 
is a granite, and the landed gnei.ssic complex of the Peninsula — a 
paragneissic alteration product of primordial argillaceous and 
arenaceous sediments. This unique sedimentary pile ends at t)ic 
top in an unconformable contact with the Vindhynns, a thick 
series of sedimeuts wliich in the topmost part may represent a 
basal Cambrian horizon. The tectonics of Rajput ana are of 
great interest as revealing the structure of the part of the Indian 
foreland whose northern promontory, the * Punjab wedge ' has 
played such a part in moulding the orientation of the Himalayan, 
and according to lilushketov, also of the Pamir and Fergliana, 
ranges (31). The main period of crustal deformation and igneous 
activity in Hajputana was the Purana Era. The orogcnic activity 
was localized and more or less confined to the Aravallj belt from 
north of Delhi to Gujarat, so that outside of this omgenic zone tho 
rocks, even though so ancient, are unmetamorphosed. 

The Aravalli range, marking the site of one of the oldest 
The Aravalli geosynclines of the world, is still the most distinct 
range mountain range of the Indian Peninsula, with 

summits of 4,000 to 5,000 feet. It was 
peneplaned m pre •Cretaceous times but has now been dis.wted 
m the central part, large tracts of western Rajpntnna remaining 
a i»ncplam. Structurally it is a closely plicated s\'nclmorium of 
rocks of the Aravalli and Delhi systems, the latter fonning the 
core of the fold for some 500 miles from Delhi to Idar in n N.E.- 
6.W. direction. Though the north-west flank of the svnclinorium 
IS a straight Ime, there is no evidence of a fault there. The curving 
east boundary of the fold, on the other hand, marks the line of tlie 

Fault of RajpuUna, which brings the Vindhyans 
against Aravallis and BundelkLand gneiss. 

The Delhi system, which may be Uken as marking tlie com- 
The Delhi system ^eiicement of the Purana Era. is characterized 
Intnifti^Tie 1 * great variety and abundance of igneous 

hat metaiuorphism^ than 
L older Aravallis (Arch«ans). This circumstance 

n «£ ‘ deeply 

rock« f the synclmonum than the underlying Aravalii 

™ ‘ 

acti^y" f 

mouiitLs the Aravalli 
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(6) Ccn/rai Proi*<>iew. 


The Geological iSiirvev has devoted a great deal of concentrated 
attention to the detailed large-scale mapping of selected Archaan 
areas with the result that some important data are now available 
for the correlation, on lithological gToun<is mainly, of the Archaean s 
of adjoining terrains. The Archsea ns of Nagpur, Bhandara and 
Chhindw'ara <listriot8 (Sausar series) have been studied for twenty 
3 'enrs b\’ Sir L. L. Fermor. These Archaeans (Sausar series) are a 
mixture of metamorphic sediments with igneous intrusives ; they 
are classified into a number of stages of remarkable persistency, 
characterized by para- schists, amphibolites, granulites, marbles, 
large ore-bodies, metamorphosed lava -Sows, and wide areas of 
streakj' gneisses. 


The Sausar 
series 


The Sausar series, consisting of highly metamorphosed calcitio 
and politic sediments with a zone of richly 
manganiferous strata (Oondite series), is con- 
sidere<l now to be stratigraphically older 
than the gneissic rocks of the Central Provinces. It Is likewise 
taken to be older than the greater part of the Dharwars of Mysore ; 
no older formation corresponding to the gneiasic foundation of the 
Aravalli system is recognized in this region, as well as in the Central 
Provinces. 


No upward passage of the Central Provinces Arcbsans into the 
pre-Cambrian and Cambrian sediments has been established, as 
the gneisses of Nagpur and Chhindwara are believed to be younger 
than the Sausars. The.se latter exhibit the following sequence: 
(1) Flne-grainctl biotite-gnciss. (2) Porphyritic (augen) and streaky 
gne I ss . ( 3 ) A vid m u sco v it e -gnei.ss and gran it e . The streaky gneiss 
of the Central Provinces occupying wide areas is believed by 
W. D. West to be of composite origin, the base being often provided 
by a granulitic rock into which the acid aplitic granite material is 
injected in bands and thin veins. West has brought forward evi- 
dence to show the complexity of folding pre.sent in these rocks, a 
nopp^i structure being apparently present near Nagpur, whereby 
different facies of the Sausar series, originally deposited far apart, 
have been brought into juxtaposition. 

A less metamorphosed group of Arch»an sediments, perhaps 
representing an upward extension of the Sausars, is separated under 
the name of the Sakoli series in the BUaspur and Balaghat area by 
D. S. Bbattacharji. The lower grade of met a morph ism of the 
Sakolis, it is suggest e<l, may be due to their ha>ing undergone 
retrograde metamorphism. 


(c) Chhola Xagpur. 

The Archa:ans of Cbhota Nagpur are distinguished by the 
presence of large iron-ore bodies (the Iron-ore series) and have 
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Attracted in«ch attention of late years. This series is a tluok 

mid widespread group of inetamorpliie elastie 
The Iron-ore sediments grading upwards in North Sjngh- 

aeries bhum to tuffs and lava, flow's. Three tliousaml 

million tons of high grade workable iron-ores, mainly laTmatith*. 
is proved in thia series (23). The ultimate origin of the iron-o.vido 
concentrates in the series is yet much debated — chemical, organic, 
sedimentary and volcanic origins lx*ing suggested hv ditferent 
observers. Perhaps no one explanation applies to all the deposits. 
J, A. Dunn has studie<l the Iron-ore series and associated Archa*Ans 
ofSinghbhum (11, 12) in detail and throwrn light upon the various 
problems of economic minerals, petrogenesis and ore -genesis which 
these rocks present. Dunn recognizes no earlier rocks, sedimentary 
or igneous, in Singh bhum than the Iron -ore series, >vhich ix a 
group of phyllites, shales and quartzites, overlain by tufts and ba.sic 
lavas, the more strongly foUled portions of which show' every 
grade of metamorpliism from schists of the epizone to gneiasic rocks 
of the hypozone. M. S. Krishnan has lately puhli.^hefl a memoir 
(20) in which he discusses the correlation of the Archsans of the 
area to the south-west. He distinguishes a grotjp of basal phyllites 
with gondite, marble and dolomite (Gangpur scries) from ihe 
overlying Iron-ore series* which he regards as of Upper Dharwarian 
age. In Sir L. L. Fermor's scheme of correlation lietween the 
Arebaeans of different parts of India (14) he uses the Gonditic 
rocks* with marbles as confirmator>’ evidence, as a datum-line on 
the assumption that the manganese- ores and marbles mark one 
single stage of deposition in the Archsans. On this ground he 
correlates the Gangpur series with the Sausars and the Iron -ore 
series with the Sakolis. 

In the Bastar State (south-east of Central Provinces), H. 
Crookshank differentiates three Arebsan groups — andalusite- 
gneiss and quartz-schists* a group of hsranti tic- quart sites* and 
quartzite. A part at least of the ^star sequence is probably cor- 
related to the Iron-ore series of Singhbhum. 

L. A. N. Iyer has recently studied the gneissose granite of 
Bengal. Much of this granite is foliated* but coarse-grained and 
pofphyritic types are present. Clear evidence of intrusion into 
whists is furnished by the hybrid injection -gneisses produced. 
Tourmalinization of the schists is a feature of the intrusion. 

(d) Mysore State. 

B. Kama Rao in an important paper (37) has lately con- 
troverted the view of W. F. Smeeth and P. S. Iyengar* which had 
prevailed since 1910, that the Dharwar schists which form the 
bMment complex of a large part of the Mysore territories were all 
o Igneous origin. He has brought forward evidence of ripple- 
'wks, current-bedding and other structural characters of shallow- 
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water facies of sedimentation in the schistose rocks of \^^dely 
separated areas to demonstrate tJie sedimentary origin of the 
Mysore Archsean complex of many parts of the State ; their inter- 
bedded conglomerates, which were supposed to be autoclastic, have 
m several cases been found to be of sedimentary deposition. 

The basement of the Mysore Archaeans is an igneous complex 
consisting of acid and basic intrusions, deformed lavas and tuffs. 
Recent investigations on the granitic complex of Mysore disclose 
o^v two eruptive epochs, not four as hitherto believed. The types 
differentiated as * Champion gneiss * and * Peninsular gneiss * are 
found to be the modified product of consolidation of a single 
eruptive magma : the older belief that the Peninsular gneiss was the 
basement rock on which the Dharwars were deposited has within 
recent years been shown to be untenable. 

The Dharwars of the type area and of Mysore are believed to 
be correlatable to the Cbampaners of Bombay and the Aravallis of 
Rajputana. 

Perm or is now engaged upon a comprehensive description 

Archwans of the Indian Peninsula. He 
the Arcb»aDs proposes to divide the Archieans of the Peninsula 
into 15 provinces based on their petrological 
characters (14). The w'hole Archssan terrain is first broadly divided 
into two regions — the Charnochitic and the Non-chamockific ; these 
major regions are further sulxlivlded into a number of provinces 
grouped under (1) the Iron-ore provinces, (2) the Manganese -ore* 
morhle provinces, and (3) Igneous provinces. In establishing 
the^^e divisions and their inter-correlations, he makes use of the 
following criteria 

(1) Stratigraphic sequence. 

(2) Structural relationships, unconformities, periods of 

folding, etc. 

(3) Relationship to Igneous intnisjvcs. 

(4) Associated ore-depositsS of epi*genetic origin. 

(5) Lithological composition. 

(6) Chemical composition. 

(7) Grade of metamorphism. 

(8) Lead and helium ratios. 

Besides the papers mentioned, there have been some interesting 
contributions on the several Archa?an petrological types by A. L. 
Coulson, P. K. Ghosh, and by a few University students. 


(c) 77<€ Himalayan Archteans. 

There are no Arcluean outcrops between the nortlicm edge of 
the Peninsula and the inner part of the Himalaya ; the few straggling 
hillocks of K Iran a and Sangla, composed of Malani rhyolites (Purana) 
may, how'ever, have a substratum of the Aravallis. The Himalayan 



WADI a: oeolocv a:^d geography. 

ArcliiBans are largely composed of metamorplioHod swlimonls — 
the Salkhala series of Kashmir, the Jutogh scries of the Simlsi 
Himalayas, the Vaikrita Reries of Spiti. ami the Da lings of Die 
Sikkim Himalayas ; but few outcrops of undoiihlcil Aroliaean 
granites or gneisses are definitely known. The large lior.lics of 
these rooks, to wliich the name of ‘ Central Gneiss ’ wax given and 
which were tacitly axs«nie<l to be Arch an n. were kmg ago j amoved 
to be later intrusive granite by McMahon. Recent work has 
confirmed this view and proved extensive masses of granite to he 
of probable Cretaceous or Eocene age hvthe E\*erest area (Heron), 
and in the Great Himalaya range in Kaxlimir (Wadja). 

The uBConformable relationship of the Hima]a 3 *an Arcbaean 
sedimentary formations to the Puranas has been proved in Kashmir 
<44, 46). In this area the conformable passage of the l^urana slates 
into fossiliferoiis Cambrian rocks, containing a stiongl)* provincial 
fauna, of trilobites and brachiopods, has been demonstrated 
Wadia (40). L>arge tracts of Hazara, Oilgit and of the Zansknr 
range are covered b^* the 8a)kbalas, often converted into para- 
gneiss, the great massif of Nanga Parbat (26,GiO ft.) being built 
wholly of these rocks together with intrusive granites of later ages 
(45). It is possible that future resoareh will show tbnt the central 
axial range of the Himala^'a (the Great Himala.va range) Is largely 
constituted of the Archaean sediments of the type of Rajj)utana, 
Dbarwar, and Singh bhum Arch sans, and that this range represents 
the basement of the ancient peninsular rocks on which tlic Teth^'an 
sediments were laid down in the Himalayan geosynclinc. It thus 
denotes the Himala^’an protaxis. 

III. The Gondwana Sy.stem. 

The progress of geological investigation during the last two 
decades has not much altered the basic ideas regarding this system 
of continental deposition ranging from Upper Carboniferous to 
l^wer Cretaceous, or the concept of the Peninsula being a segment 
of a large southern continent, ‘ Gond wan aland which joined up 
many of the peninsulas of the southern hemispbere from Australia 
to South Africa or even South America. In the matter of class! • 
ncatory details, of ft^sh discoveries enriching fossU floras and 
faunas of the period, and in the precise fixing of the age of the 
b^l boulder-bed as Uralian, however, there has been a marked 
advance of recent years. 

A most interesting discovery in Gond wan a geology was 

Association with Sinor in 1921 — a temporarj' 

marine strata localized invasion of the Productus Sea of 

Salt Range into the heart of the Peninsula. 

mame transgression has left a few feet of limestone crowded 
^th 5pinj^ and Prcducius at the base of the Barakar stage of 
tne ixiwer Qondwana Coal-measures at Umaria, Ontral India 
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The occurrence of Eurydesma ccrdaium and the t 3 ’pical Lower 
Gondwana fossil plants Gangamopltris and Glossopftris in sandstones 
directly overlying the glacial Bouider-bed of the Salt Range, 
and considerably below the horizon of the Lower Productus lime- 
stone containing the Fusulinid. Parafusvlina krttaeMis (a Permian 
form), places the Boulder-bed at the top of the Mosoovian or at 
most in the Ural i an. Over 500 feet of sandstones and shales 
containing intercalations bearing fossil fronds of genera belonging to 
the Qlossopteris flora of the Talchir horizon separate the two zones. 


While there is general agreement regarding the cl assifl cation 
of the Lower Gondwanas and the horizons of the principal series 
and stages arc now ntorc or less fixed, there is a great deal of dis- 
agreement rcganling the succession of the main divisions of the 
Upper Gon<lwanas. Cotter, pi aces the Parsora stage in the Lower 
Gondw'ana, Fox as.'^igns it a place high up in the Upper Gondwanas 
(Upper Jurassic), while Prof. B. Sahni regards it as Rh»tir or still 
older and puts it near the base of that division. Wadia finds in 
this a justification for retaining the Middle Gondwana division 
originally instituted by Feist mantel. Cotter assigns the Jabalpur 
beds to the l^per Neocomian (if not a newer stage, Aptian)— a 
horizon above Umia beds, while Fox (18) and Orookshank (10) regard 
them as ranging between the Middle and Upper Jurassic and older 
than the Umia stage. The age of the Rajmahal scries has lately 
come under question. 


The discovery of new ammonite fossils from coastal Upper 
Gondwana beds at the mouths of the Godavari 
Age the East Kistna rivers by L. A. N. Iyer, and their 

identification by L. F. Spath as Upper Neocomian 
forms Holcodiscus cf. pirezianus, Hemihopl!t€4 (?) borrowce, H. 
beskidensia, Lytoceraa, Oymnoplitta simpUx and species of Pasccsites 
greatly alters the stratigraphical position of these beds. As the 
fossil flora of the coastal Gondwanas is very nearly identical with 
that of the Rajmahal series of north-west Bengal, the latter may be 
now regarded as of Neocomian age and newer than the Umia stage. 
This is not surprising, for in 1932 Sahni in an important paper 
{40a) had drawn attention to the occurrence of angiospermous wood 
from this deposit— //omary/oa rajmahalensia (a Magnoliacae plant), 
and had clearlv stated that the fossil indicates a higher honzon 
than the JuraWic and that the presumed Jurassic age of the 
Rajmahal deposit should not be accepted without reserve. 

The idea of a northward migration of Gondwanaland plants 
to the northern continent of Angaraland was 
suggested fort\' years ago by the discovery of 
some marked affinities of Russian and Siberian 
fossil plants with the Gloaaopteris flora of India. 
Zalessky, l:>eward and Sahni aJl advocated the 
view of intennigration, and Zalessky suggested an isthmus con- 


A land* bridge 
between Cond* 
wana* and Anga* 
raland 
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necting the two continents across the Himalaviin sea. In V.rity 
Sahni suggested that the most obvious route must have been througli 
Kashmir, and that even Kashmir was a southern out|)ost of Anj^ara- 
land. Field work In Kashmir by Wadia durintr has proved 

that during the greater part of the Silurian-Middle f'arlxmiforous 
interval dry land existed in N.W. Punjab, Salt Kant'o. Hazara, 
and Kashmir, to as far north as the Pamirs (46). In all these areas 
either the Cambrian or the Silurian .strata are overlain by tl\e 
Upper Carboniferous, commencing with the Panjal Volcanic series, 
with a pronounced and widespread regional unconformity. This 
mid-Pal*ozoic land-mass of Kashmir must have functioned as a 
land- bridge between the two continents during pre-Upper C'arboni- 
ferous ages. Wadia further states that even during the Upper 
Carboniferous, the Ka.shmir part of the Tethys mu.«t have been 
studded with an archi|>elago of volcanic islands which may well 
have peniiitted an interchange of land plants. 

, A tentative classificntion of the fJondwana 

system which may find general suppoj't js 

tabulated below 


Upper 

Gondwana 


Bajmahal stage and 
Gondwanas . . 
Umia Plant-beds 
Jabalpiir stage 
( Chaugan stage 
Kota stage 
Maleri stage 
Parsora stage . , 


Coastal 
• » 


( Pan diet stage . . 
Ranipnj stage 
uondwana \ Barakar stage . 

I Karbarban stage 
I Talchir Boulder-bed 


Aptian ? 

Tithonian 
Upper Oolite 
Lower Oolite 
Lias. 

Rhstic 

? Middle Trias ( ? Upper 
Trias), 

Upper Permian 
Middle Permian 
Lower Permian 
Uralian 

Upper Carboniferous. 


There ia evidence of some marked and rapid climatic changes 
Gondwana rocks of the Gondwana s 3 ' 8 tom, though no 

climates generally’ accepted sequence has so far been 
worked out. The data on which conclusions 
oscillations of climate are based are the boulder- beds, or 
fh T ice-planed surface in many parts of India during 

tne lalchir stage, contemporaneous with the Permo-Carboniferous 
glaciation of Australia, South Africa and Soutli America ; the 
^currence of thick seams of coal, up to 60. 80 and even 100 feet, in 

Da mud a series ; the presence of erratic or 
exotic blocks in fine-grained sediments ; and the presence of fresh, 
n ecomposed felspar in the sandstones of the overlying series. 



96 


PROGRESS OF SCIENCE IS IKDU. 


The Upper Gondwana sandstone and clay are notably ferruginous 
and red coloured, with this is combined an absence of any car- 
bonaceous matter— symptoms, according to some authorities, of 
an arid or semi-desert climate. 

Both the supporters of Wegener’s theory of Continental Drift 
^ , , and its opponents have looked for evidence in 

Relations ^ ^of of respective views in the later 

Gondwanaland geological history of the different units of 

Oondwanaland. The separation of the now 
discrete units of the once continuous southern continent of the 
Palajozoic {Patigea) is brought about, according to one view by the 
drifting away (e.g., north-easterly drift) of India from Africa ; and 
by the fragmentation and foundering of large segments of the land 
under the oceans, according to the other. 

Palaeontological facts clearly show that the Indian Mesozoic 

, ^ . systems from the Trias to the Danian stage of 

relationship 'Cretaceous are more closely related to 

Madagascar and South Africa than to Europe. 
Only at the end of the Cretaceous the fauna enclosed in the Infra- find 
Inter-trappoan beds shows relationships to Sind, Persia and further 
west. In an important paper on the geographical relations of 
Gondwanaland, the eminent American geologists, Profs. Schuchert 
and Bailey Willis, present geological and biogeographic evidence 
w hich strongly supports the existence of land- bridges or isthmuses 
of the nature of Cordilleras, rather than a continuous land mass, 
connecting Brazil, Africa and India, from the pro-Cambrian to 
the end of the Cretaceous. A. L. du Toit, on the other hand, 
supports the hypothesis of continental drift in a pa|)er on the geo- 
logical compHiison of the sedimentary sequence in South America 
with South Africa. 

After an examination of the available pa la»o botanical data and 
especially the case of the two originally very distinct floras (the 
Glossopferis flora of India and Australia and the OiganfopUris 
flora of China and Sumatra) now seen in clo.se juxtaposition anil 
even dovetailed w’ith one another, B, »Snhni concludes that they 
are not enough to prove the drifting apart of the diftbrent portions 
of Gondwanaland but that we are compelled to agree that drift 
movements of large magnitude elsewhere have brouglit into juxta- 
position continents once scpjirated by wide oceans. The evidence 
from the distribution of fossil Me.sozoic lamellibranchs, cephalopods, 
and reptiles in India and Africa is likewise inconclusive on the 
matter of drift, although parallelisms have been established between 
several elements of the Cretaceous and Jurassic faunas of these tw'o 
areas. 

Professor B. Salmi has made important contributions to our 
knowledge of the Gondwana flora in a scries of 
Recent contrlbu. papers since 1920 (40). He deals with the 
tioD9 various aspects of the .succes.sion of fossil floras, 
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tboir climatic, physical and evolutionaiy background : the otnp)<\^•- 
ment of improved technique of investigation at his laboratory at 
the Lucknow University has resulted in much additional informa- 
tion regarding several old species, while the geological ranges of 
several others have had to be revised. Dr. C. S. Fox lias made a 
comprehensive systematic restndy of the Con d wan a system and its 
related formations, their relative chronology, classification ami tlie 
natural history of Indian coal deposits ami tltc total reserves of 
coal distributed in the different coalfields of tlic country (17, 18}. 
Coal, one of the most important ininend pro<hicls raiscfl in the 
country, is derived 98 i)er cent from the Lower Oomlwanas. It a 
output has increased fourfold since the beginning of this c-entury. 

1 Ai n X total reserves of good grades of this 

"reseives* estimated by Dr. Fox is less than 

million tons. A warning note has therefore l)een 
sounded for the conservation of the bettcr-gradc coal for met a II nr- 
gical uses and for more scientific and economical method.s of w orking 
of the thick seams in which much of the Gondw*ana coal is found. 
Coal mining in India has so far been less dangerous. )>ecAuse of the 
less common association of highly explosive gases (marsh-gas) with 
coal as compared with European coalfields. There are, however, 
S|>ecial difiiculties associated with the w'orking of the thick seams, 
only a few liundred feet from the surface, and fires and subsidences 
have created problems of their own. 


IV. The Deccan Trap. 


The plateau basalts of the Deccan which to-day occupy 200, (KX) 
square miles and have a vertical extension of 0,000 feet, constitute 
one of the most interesting types of igneous activity — the flooding 
of the vast Mesozoic peneplane of central and western India by an 
undifferentiated primitive basic magma, erupted mainly througli 
fissures and not througli volcanic vents. A great deal of petro- 
grapbical work carried out of recent .>'ears. has brought to light 
maijy facte in regard to the origin of rock-types and processes at 
work in the lava flow's during and after the eruption. Compared 
with the vast bulk of horizontally bedded basalts and dolerites of 
uniform composition, the areas showing magmatic differentiation 
♦ restricted, so far as present investigation has gone, 

to the north- westeni edge of the outcrop of the plateau basalts, 
extending from Bombay northwards through Kathiawar and 
vutoh. A great variety of rocks of acid, intermediate, basic and 
Ultra-basic composition bas resulted from this segregation, some of 
them markedly alkaline. 


petrography of the Deccan trap is based on the 
I ^^3^* L. Fennor on the cores of a boring at Bhusaw'al ( 13 ) 
hich penetrated 29 horizontally bedded flows of an aggregate 
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thickness of 1.1 #1 feet, the thickness of individual flows varying 

Petrography oI ^ descriptions of the 

the traps rocks encountered m this thick succession are re- 
garded as typical of the greater portion of the 
flows of the Deccan trap, the predominant tvpe being a basalt of 
specific gravity 2-91 . consisting essentially 'of laboradorite (Abj 
An*}, enstatite-aiigite. glass and iron-ore, olivine occurring in the 
majority of tlie flows but not universally. A host of secondary 
minerals are found as a Herat ion -product, of the glassy base or of 
some primary minerals of the rock, e.g., palagonite, chlorophaite, 
ccladonite, chabazite, iddingsite, delessite, or as late secretions 
filling the amygdaloidal cavities of the lava — zeolites, chalcedony, 
opal, delessite, calcite. quartz and lussatite. Fermor has shown 
that some ultra-basiemo<Iificationsofthe basalt may have originated 
by gravity differentiation, i.e., by the sinking of olivme and basic 
felspar plienocrysts to the base of thick lava -flows which remained 
fluid enough after eruption for a longer period than other flows. 
This, however, is not generally the case, though it may have 
originated in special cases. 

Areas which offer the best illustrations of advanced differentia- 
tion are the Gimar hill of Kathiawar and the 
♦I Pavagarh hill near Barotia ; the former area is 

riatVon descril>ed by M. S. Krishnan and K. K. Mathur, 

and the latter area by L. L. Fermor and A. M. 
Heron. At the Gimar focus of eruption are clustered such diverse 
types as quartz-porphyry, syenite, monzonite, diorite, andesite, 
olivine-gabbro, lamprophyre, limburglte, obsidan, rhyolite and 
pitchstone. These types are not effusive but are intruded into 
the normal Deccan trap basalts of the Giniar forest, the dome- 
like mass of Mt. Gimar being considered as having resulted from 
an ascent of the plutonic magma. 

The rhyolite of Pavagarh hill is now proved by Heron to be a 
part of the bedded basalts of the area, a flow of acid composition 
along with doubtful tuffs, etc. capping the summit of the solitary 
hill rising from the plains of Baroda. 

W. D. West thinks that the more basic types, such as limburgite 
and ankaramite, interbedded with the normal basalts in Kathiawar, 
did not orginate by the sinking of the heavier minerals of 
basalt, but that the’ basic types were differentiated prior to their 
extrusion. 

The acid intrusives into the Deccan trap show a more extensive 
distribution than the basic, though their total volume is quite 
insignificant in comparison with the bulk of the plateau basaits- 
The ultra-lwsic rocks, e.g., olivine-gabbro, oceanite, ankaramite, 
limburgite, etc., occur in dykes and small st<»cks. 
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CVcokshaiik has observed interesting? field relations of tfie 
Deccan traps with the associated fissure -dykes travcMn^ tlieni in 
the northern slopes of the Satpura (10). A plexus of <lykcs and sills 
of dolerite permeates and ramifies through the underlyin^i iiiui sur- 
rounding XJi>per Gondwanas in a manner suggesting that the dykes 
were the feeders of the eruptions. Similar dykes running for 
distances are a common feature along the periphery of the Dia can 
trap outcrop. 

The age of the Deccan trap is its most important problem and 
interest in it is revivc<l of reeent yeaivs l>y 
^«ca^D trap© steady' growth of jwilapobotanica) evidence 

^ in support of an Eocene age rather than the 
Middle or late Cretaceous age which the stmtigraphic evtdenoo and 
field relations of the traps to the forma Hons below and above them 
supported. Matley's work in 1027 on the infra-trappean Lameta 
beds of Jubbulpore indicated a Middle Cretaceous age for the 
traps, based on geological relationships and on the affinities of the 
Dinosaur fossil remains, while the unconformity between wliat 
were thought to be the topbeds of the traps and flic overlying 
Nummulitic limestone of Surat has pointed to their infra-Eoccne 
position since Blanford's days, an inference with which Dr. Fox 
concurs. The determination of age based on the ra<lio«dctivo 
propeity of basalts is in progress, the few results so far to hand, 
according to V. S. Du bey. pointing to a lower Tertiary age. But 
the most positive test of Eocene age is. according to Prof. B. Salmi, 
supplied by the rich flora of the inter trappean beds of Nagpur- 
Chbindwara. These beds contain an abundance of fossil ])ulms 
with numerous yipodites, a characteristic Eocene genua, and fertile 
specimens of Azoila, a mcKleni genus of floating water- ferns, of 
which all the previous fossil reconis are post-Cretaceous. Salmi 
thinks that the Deccan Inter-trappean flora finds its dearest 

London olov London clay flora. These 

Flora and Eocene are supported by the recent dis- 

Fishes covery by L. R. Rao, S. R. Rao and K. S. Rao. 

of Chara, Acicularia and numerous forammiferu 
from Inter-trappean beds near Rajah mu ndry, which also contain 
well-preserved shells of a form close) v allied to Caidita bcaumonti 
as pointed out by the late Prof. H. C. Das Gupta. 

Some fossil fishes from the iM/ra-trappean Lameta series of 
the Central ftovinces determined by Sir A. Woodward indicated 
Eocene affinities. Dr. S. L. Hora, who is examining some fresh 
^coveries of fossil fish from the intcr-trappeans of the Central 
mvrnces, has also ascribed an Eocene horizon to these remains 
Re recopizes in these scales the representatives of an osteoglossid 
genus and several members of the genus Clupea and some 

Percoids, members of which date back as far as the Eocene but 
not earlier. * 
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V. The Salt Range. 

The fullness of the geological record, the structural com- 
plexity, and the many tectonic problems presented by this 100- mile 
hne of escarpments— the classic ground of Indian 'stratigraphlcal 
geology since lS70--inrest these mountains with high importance 
in interpreting the geology and tectonics of Northern India. As 
a resiilt of the investigations of many able geologists during the 
last sixty years, the stratigraphy of the mountains was fairly fully 
worked out, However, the great tectonic complexities arising 
through numerous inversions and thrust-faults which have brought 
the highly characteristic Saline series, from which the mountains 
take their name, into juxtaposition with almost every other forma- 
tion of the range, have made the question of the correct position of 
that series a very vexed and controversial one. Since 1928 detailed 
and concentrated field work carried out by E. R. Gee is yielding 
results which bid fair to solve this question of the age of the salt, 
concerning which almost every observer had propounded a theory, 
aud to put the tectonic interpretation of this faulted array of 
cliffs, abruptly rising from the plains of westeni Punjab, on a 
satisfactory basis. Gee’s memoir on the Salt Range is under 
preparation and is expected to appear in the near future. 

The most interesting constituent of the Salt Range, occurring 
The position or promjnenl exjwsures along the foot of the 
the Saline Series ^be Sahne senes. It consists of an 

upper stage of massive gypsum, with flaggy 
dolomites and bituminous shales ; a middle stage of red marl, with 
thick seams of rock-salt, attaining a total thickness of 000 feet ; 
and a lower stage of marl, gypsum and dolomite, several hundred 
feet thick. The base is nowhere seen. It is overlain by Cambrian 
(or i pre- Cambrian) strata in the eastern part of the' range and 
often by the Upper Carboniferous Talchir boulder- bed in the 
western. Its relation to the Eocene is anomalous in all parts of the 
range. At some localities it is brought into juxtaposition with the 
Siwaliks. At Mari Indus and at Kalabagb, on the east and west 
sides of the Indus respectively, a similar sequence of rock-salt, marl 
and overlying gypsum and dolomite is met with- Here, the struc- 
ture is extremely complicated though on the whole the saline 
deposits are closely associated with Siwalik beds. Tracing the 
stratigraphy north of Kalabagh, a faulted anticline of Siwalik strata 
runs up the Luui Wahan to link up with the salt and gypsum deposits 
of the Kohat salt region near Shakardarra — a distance of only 18 
miles from Kalabagh. About halfway between these two places, 
inlicrs of salt- bearing marl. ^*psnm. etc., crop out along the axis 
of this faulted anticline, whilst at Shakardarra. Upper Laki lime- 
stones aud clays intervene between the saline deposits and the 
Siwaliks. There are, therefore, good pounds for regarding the 
Kalabagh and Mari salt deposits as equivalent to those of Kohat- 
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To the north and west of these »Shakardarra oxi>o.<uix»s the Kolia t 
salt is exposed in a number of anticlines, e.g., at Jatta. Boliadiir 
Kliel and Malgin. 

In the original geological survey in the seventies, tlie existence 
of large tectonic thrusts being unreeognixod In 

long controversy 

and associatetl deposits of Koliat and of tlic 
Salt Bange were of different geological Ages» the former ICoeene, 
the latter Cambrian or pre- Cambrian. A long pcriotl of controversy 
followed and at least five different theories were evolved to explain 
the age and origin of the salt and gypsum. Between liM>7 and 
1920, Dr. Koken, Sir Thomas Holland and Sir K<!win Pascoc, 
however, suggested tlmt the infra-Carabrinn position of tlie salt 
was adventitious and due to extensive inversion and thnixt.faiiltinp, 
but this view did not meet with general acceptance. In 1024, 1>. N. 
Wadia and Lt.-Col. L. M. Davies prove<l on stratigraphieal and 
palaeontological grounds that the saline series at Kohat was a 
part of the local Laki series, the gypsum being a transformed 
Nuinmulitic limestone directly above the Banikot-Lnki uncon- 
formity. This Lower Eocene ape for the Kohat pvpsum was 
later confirmed by Gee, who discovered fossil fishes in (he gypsum 
stage at Malgin. The equivalence of this with tlic C’ia-Indus 
salt of the Salt Range, however, though indicated, was not proved. 
More recently, Dr, G. de P. Cotter (7), whilst agreeing to a Lower 
Eocene age for the Saline series, suggested that it was intruded south- 
wards in the Salt range area. Since Ili29 Gee lias collect e<l evidence 
which strongly indicates that the foraminiferal llme.^tone at the top 
of the Xummulitic limestone (Laki serie.s) denotes the stratlgraphu^ul 
horizon of the gypsum and associated be<ls of tlie Saline series In 
some clear sections he has observed the lateral passage of the 
one into the other : the change of prey and wliitc liniestono iMissIng 
into dark foetid limestone with subordinate gypsum, ami of this 
into nwssive gypsum, 300 feet thick, being accomplishe<l within 
a few hundred yards. These critical sections. 4 to G miles south of 
the Indus, at the western end of the Salt Range, have been examined 

Evans and other geologists who 
P interpretation of the lateral transformation. 

^ E. R. Gee have established 

grounds between the Kohat Eocene 
lah Chharat area of Attock and parts of the 

Vnlm rf ‘ therefore, good reason to conclude that the 

Nummubtic sequence of the Kohat region is in situ and normal 

The post- Eocene thrusts of immense dimensions {7tapp€s) 

Nappe postulated to explain the present 

_ mfra^alaozoic position of the Saline series in 
miL that the noppe involved in 

it PMt-Xummnlitic and pre-Siwalik in age, thS 

»t thrust the Eocene Saline series underneath the Cambrian rocks 
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aiKl brought about a bodily morement of the Eocene, Mesozoic 
and older rocks towards the south in the Salt Range proper and 
towards the east in the trans-Indus extension of the range, the 
horizontal displacement being a maximum of at least 20 miles. A 
second period of tectonic disturbance commenced in the Mid- 
Pliocene time and continued into Sub-Recent, the dominant direc- 
tion of pressure being from the north. Tlie hidden Arch»an massif 
of the Punjab foreland, the existence of which is indicated by 
geodetic observations and tlie presence of a few isolated hillocks of 
Archican or Parana rocks, impeded the southern advance of the 
Salt Range napjit and gave to this range its .sinuate and indented 
alignment. 

The stratigraphy of the Cambrian, Upper Carboniferous, 
Permian, Lower Trias, Jurassic, Cretaceous and a fairly complete 
sequence of the Tertiary of the Salt Range has been worked out, 
though for the precise age and correlation of the various stages 
ami series much paleontological work remains to be done on the 
large collections of fossils that have been made during the last 

eight years, particularly from the Permo- 
Carboniferous, Trias. Jurassic, Cretaceous and 
Salt Ranfte ” Eocene. There are three major unconformities 

in the Salt Range succession: (1) the most 
significant, between the top of the Cambrian and the base of the 
Permo -Carboniferous — the Talchir boulder- bed. This is the most 
widespread regional unconformity of north India, as already referred 
to on page 93 (40), (2) At the base of the Kummulitio series 

(Ranikot series) a ferruginous pisolite (a laterite capping an old 
land-surface ?) is found resting either on the Upper Pal» 020 ic or on 
various Mesozoic horizons. The Cretaceous is of restricted develop- 
ment, being found at a few localities at the west end of the range. 
(3) A less prominent unconformity between the Nummulitics and 
the basal beds of the Siwalik, the Murree series being here, in a 
large measure, absent or scantily developed. The base of the 
Upper Carboniferous, commencing with the glacial boulder-conglo- 
merate, is an important da turn -fine in the geology of India — in 
the Peninsula as well as in the extra -Peninsular mountains. It 
marks tlie beginning of the Tethyan (Aryan) Era of marine geo- 
synclinal sediment in the Himalaya and of the system of continental 
coal-bearing deposits in the Peninsula (Gondwana system)* The 
marine period of the Salt Range, ushered in now, has given rise 
to such a full sequence of fossiliferous Permian strata that the 
term Punjabiaji is proposed for this most remarkable succession- 
An added interest is the commingling of Lower Gondwana 
Glo$sopUn-i flora with the lower stages of the Pnxluctus limestone. 

crowded with a rich brachiopotl fauna, and also 
Faunal rich- almost immediatelv above the Talchir boulder- 
l>ed. Magnificent ‘collections of fossil brachio- 
’ pods, corals, ecliinoids. cephalopods, pol.>*zoa. 
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fusulines, etc. have been made, and are hi of in vest I ^a hem 

by Df. F. R. Coivp:?r Reeil. A large n'jm-scn (alive collect ion nf 
the fauna has been sent to Prof. J^chii chert of Yale I’nivci '^ity. Tfie 
florals l)eing examined by Prof. B.Sahni. 

Striking evidence of very recent carl 1 1 nnjvciuenis in (lie 
Salt Range is obtained not only in steeply tiltc<l )M>st-Sj\valik (.Mi«l- 
Pleistocene) sands and c*onglomerates but also in flic oemri'^Mnc <if 
relatively modern lent Ides and l)cds of sediment h. f<irnu*d originally 
at. the foot of the scarp, nnd caught up an<l liitercalalecl within tiic 
plastic saline series during the late tectonic luovemcnis. Tiic 
inclusion of these buh-Reeent l»eds has further conipliriitccl the 
problem of determining the age of the S^iline series. 


VI. Classification* of the Tertiaries. 

The Tert'iaries of Northern India and Burma include a thickness 
N W India some 40,000-31 feet of Ih*<Is, and during 

(he |)erlod under review this vast accumulation 
of sediments has received much attention, partly on account of the 
rich fauna found in a few localities — for e.xample the mammalian 
remains of the Siwalik and Bugti Hills, and the invertebrate fossils 
of tlie Mekran Coast and Burma, and partly because of the associa* 
tion of oil and coal with Tertiary strata. In the region including 
the Punjab, Kashmir, and N.-W. Frontier Province, the work of 
G. de P. Cotter, D, N. Wadia, E. R. Oec, and other members of the 
Geological Survey of India, and also of E. S. Pinfold, R. v. V. 
Anderson and other petroleum geologists has supplemented the 
paleontological work of G. Pilgrim and Col. L. M. Davies, and has 
thrown much light on all the members of the Tertiary succession , 
The work of Pinfold in particular has led to a better understanding 
of the relationships of the Eocene with the higher beds. 

In Assam, a large area has been surveyed by the geologists of 
Assam and Burmah Oil Company and a summary of 

Burma stratigraphy has been published ( 1 3) by Percy 

Evans. This work has enabled a classification 
™sde for a very great thickness of almost unfossiliferous rocks, 
and has established the presence of a large previously unsuspected 
gsp in the suce^ion corresponding to the break* between the 
Eocene and the Miocene in N.-W. India. Manv papers on the neigh* 
bourmg Burma Tertiaries have appeared in the Geological Survey 

Records and there have been others in the literature of the oil 
industry. 

During the past few years an extensive study of the heavy 
Sedlmentarv minerals of the Tertiary rocks has been made, 
Petrology notably by the Assam Oil Co. petroleum geo- 
logists under the direction of P. Evans, and it 
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has been foiuid that over verj- wide areas, the broad features of the 
accessory mineral suites of successive stibdi visions of the Tertiaries 
remain the same, and that over smaller, but still quite considerable, 
areas comparatively minor details show a high degree of corres* 
pontlence. This has proved very helpful in correlation problems 
in Assam and may be expected to have a wide application elsewhere 
in India (13). 


VII. Tectonics and Stratigraphy of the Himalayas. 

In spite of the large blanks still existing on the geological map 
Lartfe unsur. Himalayas, representing nearly three 

veyed* areas of of the total area of the Himalayas, 

the Himalayas there has been during the period covered by this 

review considerable advance in our knowledge 
of the geology of these mountains, especially in discovering the 
broad lines of their structural plan. Except for the immediate 
neighbourhood of Mount Everest, geologically reconnaisaanced 
by successive Mount Everest Expeditions, only two regions, 
Hazara -KaKhmir and Simla -Chak rata, have been mapped in some 
detail : the mountains of Garhw*al and Kumaon, after the pioneer 
survey of the last century, have received only occasional attention 
from geologists : while the entire block of the Nepal- Amm 
Himalayas except for .small areas in Sikkim, still remains a Urra 
incognita. However, the policy of the Geological Survey of India 
in concent nj ting its available resources on two or three critical 
areas aiul of taking advantage of any opjmrt unity for traverses in 
new areas has home fruit, for the resiilt.s .so far obtained in strati- 
graphy and tectonics disclose a unity of structure and constitution 
for the whole of this mountain system from the Indus to the 
Brahmaputra. Data are slowly accumulating which tend to show 
that the baffling complexity of structure and diversity from area to 
area of the Alps, thougli encountered in a few local patches, are 
not met with in the same degree in the Himalaya, a fact which, 
if substantiated by further work, will enable a complete synthesis 
of Himalayan geology and orogeny to be built up in the near 
future. 

Med I loot t in the Kumaon and Middlemiss in the Kashmir 
Himalayas in 1910 securely laid the founda- 
tions of the stratigraphy of the Himalayas. The 
total absence of fossils in the Simla Himalaya 
introduces great difficulty and uncertainty in 
correlating even tlie broad divisions of strata, but of late years 
careful study of relative metamorphism and structural relations 
of thrust -planes and unconformities have enabled the natural order 
of superpo-^it ion of strata to be established more or less parallelly 
with the fo?‘>iliferous systems of Kashmir. The following table of 


Himalayan 
Stratigraphy — 
Correlations 
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correlations expresses the extent of parallelism prevailing in different 
parts of the Himalaya, so far as the Paleozoic group is concerneil : 


KASHMIR. 

HAZARA. 

SIMLA. 

SIKKIM. 

TriM 

("Upper Trias 
< Miadle Trias, 
t Lower Trias. 

Upper Trias 

« 

ir_^i -—,1 ci.ai: 

Trio^. 

Permian 

1 z.ew*an 

< fiuctus limestone). 

^ Panjal Volcanios 

Sirban lline* 
stone. 

Panjal volca* 
nics. 

Kroi. anu oiiaii 
bmcHfonea. 
Infra Krol. 

4 01 mioii 

limestone. 

Carboniferous 

y GftnffamopitrU beds 

1 Agglomeratio. 

J Slate (Taleliir). | 

1 FenciieUa Series. sZ 

IS^rinpothyrii'A 
\ bmeatone. 5 

BouMer>bod 

(Talcliir). 

Unconformity 

Blaini Aeiics 
(Talchir). 

Lower Oopd. 
waiia 7 
jiou Icier* 
.bed. 

Devonian . . 

( Lt. Tanawal teriea 
( Muth quartzites. 

Lr. Tanatral 

Deoban Umc* 
atone. Jatni* 
^ar H.'ric>i 

Nagthat ae> 
rios. 

? Deoban 

Silurian 

Silurian 

» » ^ « 

^ ^ 1 e 

1 1 1 < 

Cambrian 

rVp. Cambrian, 
j Md. Cambrian. 

( ? Dogra slate 

Hazara (*late 

Simla slate . . 

Boxn Hories. 

Algonkian 

UndifTerentiated 

Purana. 

* 

Umliffereuli* 
ated Purana. 

CboU 

Daliitg iiorles. 

Archaan 

Salkhala series 

Salkliala se- 
ries. 

Jutogb sc- 

ries. 

ArvhuMiix. 


The Himalayas hare been diWded into 3 longitudinal strati. 
3tratigrapblc graphical zones, an outer or Sub-H i nj a la //an 
Zones or belts zone, composed of Tertiary rocks ; a central or 
I r , SimaJas/an zone, composed of crystallines and 
^ossjblerous slaty sediments constituting the line of high snowj- 
; and a northern or Tibe/an zone composed of fossiUferous 
ranging from Cambrian to Eocene (23). It is 
middle Himalayan zone denotes the central 
Himalayan geosyncline. This axis 
Hm^aya range) passes close on the southern shore of 
iethys m the Eastern Himalaya with the result that the whole 
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The Himalayan 
granite 


Tibetan zone is confined to the north and there is but little of 
marine Palaeozoic and Mesozoic sediments on the Indian side of the 
axis, whereas it occupies a more central position in the Western 
Himalaya of Kashmir and Hazara where the Tibetan zone is not 
confined to the north of the Great Hiuialavan range but is found 
in detached patches on both sides of the axis. The un fossil iferons 
sedimentary* systems of Simla-Chakrata may be regarded ns detached 
outliers of the Tibetan formations of Spiti, though their total lack 
of fossils is still an inexplicable circumstance. It is also possible 
that some of those systems, the older ones at least, are the congeners 
of the Peninsular Purana fonuations. 

Granite enters largely into the composition of the central range 
of the Himalayas and builds the greater part of 
tile line of high snowy |)eaks from Kashmir to 
Assam rising above 20,0CK) feet. Three kinds of 
granite have l>een recc^ni 2 ed ; the most common is biotite-grauite, 
often a finely foliated gneiss, augen^gneiss. or porphyritic gneiss, 
according to its position and relation to the sediment into which 
it is intruded. The next common granite is hornblende -granite 
with conspicuous s phene. The third variety is tourmaline-granite 
occurring in bands and as minor injections into biotitc-granite. 
It is probable that both in respect of age and origin the three 
granites do not differ much and may have originated by differen- 
tiation from a common acid magma. The belief that luost of the 
Himalayan granites are of Tertiary age is receiving confirmation. 
Large granitic areas of the Eastern Himalaya and Tibet are regard- 
ed by Heron to be Cretaceous or post -Cretaceous . The hornblende- 
granite of the Astor-Deosai mountains of north Kashmir, covering 
several hundred square miles, has been found by Wadia to be in- 
trusive into the Cretaceous series containing Orbitolina. G. H. 
Tipper found the Jurassic rocks of Chitral penetrated by the biotite- 
granite. Mcl^lahon, who first proved the intrusive origin of gneisses 
of the central axial zone (which were at first called ‘ central gneiss * 
and regarded as Archsean), believed the granite to be of Eocene 
age, the intrusions being approximately coincident with the distur- 
bances to which the elevation of the Himalaya is due. The postu- 
lated Arc has an age of the Himalayan granite of most localities, 
especially in the Kashmir and Hazara areas, remains to be proved. 


(a) Tht Ka9hmir Himalaya. 

Geological field work during the last twelve years by D. N. 
Wadia in Kashmir, W. D. West in ^imla and J. B. Auden in Garhwal 
throws light on the tvpe of mountain structure present in the 
middle Himalayas. The structure of the inner Himalayas has 
not yet received such intensive study as that which has so far 
unravelled the inner arclutecture of the Alps, and it is not possible 
to say anything regarding the structure of these ranges except 
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in general terms. Ea^t of Kama on no sy.^tcmatic work 

has yet begun. The evidence so far obtained. Iiowt-vrr. lends to 
show that large areas of tlie AVestem Himalaysi pcjssoss a rat her 
less complicated t\ye of tcctonic.s. and the piles of nappes, then 
complex refolding, digit at ions and involutions .such as tlioso to 
which modern tlieory a.seribcs the format ion of the .Swi.ss Alps, have 
been less commonly olx^rved in the Himalayas. Tlio thrusts in 
the Himalaya of the Kashmir region at least, that have driven sheets* 
of older rocks over newer* recall rather the thrust -planes of the 
S cot tish Highland s , There i s , h oyve ve r , som e a moi j n t o f fol d ii \<i a n d 
warping of the thrust -planes as observed by West in the Simla 
Hills and by Auden in Garhwal. 

Tectonically the Kashmir Himalaya consists of throe .structural 
elements (44) according to Wad I a : — 

Three tectonic tongue of tlie foreIan(^, its pene planed 

Kashmir moun« surface benig buned under a thick cover oi 
tains Murree (Miocene) .sediments ; 

(2) a belt of <tutochthopous. mainly recumbent, 
folds consisting of rocks ranging in age from Car)>onifeious to 
Eocene, thrust against and over the foreland covereil under the 
Murree series (Murree thrust). Southward overfokliug and 
thrusting, nnth a dominant north-east dip, is t)ie prevalent struc- 
tural tendency of this region : 

(3) the nappe zone of inner Himalayan rock.s, which has travelled 
far along a horizontal thrust (Panjal thrust) so as to lie fitfully 
sometimes against a wide belt of the autochthone, at other times 
almost against the foreland. The Kashmir nappe is composed 
mostly of pre-Cambrian sediments (Salkhala series) with a super- 
jacent series (Dogra slate), forming the floor of the Himalayan 
geosyncline that has been ridged up and thrust forward in a nearly 
horizontal sheet fold. On this ancient basement lie sjiioliiml basins 
containing a more or less full sequence of PaI»ozoic and Triass ic 
marine deposits in various parts of Kashmir. The latter are 
detached outliers of the Tibetan marine zone, which in the eastern 
Himalaya is confined to the north of the central Himalayan axis. 

The most important tectonic feature of this region is the 
Two thrust- o^c^^rrence of two great concurrent thrusts on 
planes In the Pir southern front of the Himalaya, delimiting 
P^nJal the autochthonous belt, which have been traced 

T. I, . round the re-entrant from the Hazara border to 

i;aih(^ie, a mstance of 250 miles. Of these two thrusts, the inner 
one (ranjal thrust) is the more significant, in volvijig large scale 
hOTjzonui displacements. The outer, the Murree thrust, shows 
greater vertical displacement and is steeper in inelLnation but has 
an equal persistence over the whole region. In its geological struc- 
writhe autochthonous zone between these two thrusts is com- 
poaea ot a senes of inverted folds of the Eocene (Nummulitic) 
rocks enclosing cores of the Upper Carboniferous. Permian (Panjal 
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\ olcanic series) and Triassic. closely plicated but with tlieir roots 
in Situ. 

In the nappe zone to the north are more thrusts, not easily 
^cognizable m the crystalline complex which builds the Great 
Himalaya range of the centre. These thrusts, however, are not of 
mde regional or tectonic significance. As a tectonic unit, the 
a range is made up of the roots of the Kashmir 
nappe, the principal geanticline within the main Himalayan geos>’n- 
cline, consisting of the pre* Cambrian sedimentary rocks together 
with large bodies of intrusive granites and basic masses. Several 
periods of granitic intrusions have been observed, the latest being 
post-C cetaceous, or still later, and connected with the earlier phases 
of the Himalaya uplift. Subordinate elements of the Great 
Himalaya range are the southward extensions of the representa- 
tives of the Tibetan belt of marine formations belonging to the 
Palfeozoic and Mesozoic. 

In the Outer Himalaya of Mandi, S. K. Roy has noted 
k'lippen blocks of folded dolomite evidently belonging to the Krol 
series of the middle ran^s, resting on the Tertiaries of the Sub* 
Himalayan zone, This i.s the only reconl of overt hrust or nappe 
stnicture being observed in the mountains intervening between 
Ka'^hmir and Simla 

(6) The Simla Himalat/a. 

Detailed mapping and study of the metamorpliic gradations 
in ancient rock-complexes have led G. E. Pilgrim 
the”s?mla moun* > conclude that the rocks of 

tains tbe Simla area, lying to the north of the Tertiary 

belt (Outer Himalayas), are not in their normal 
position, as previous observers had believed, but have undergone 
complex inversions and thrusting. Three overllirusts are noted 
which have trespa.ssed over the 04 miles broad Upper Tertiary area of 
Knngra and constricted it to barely IG miles at Solan. The thrusts 
represent flat recumbent folds of great amplitude, showing bodily 
dispincemont from the north tow'ards the autochthonous belt of the 
south-west. The pre -Cambrian (Jutogh and Chail series) is piled 
up on the Carboniferous and Permian systems (Blalni and Krol 
.series), the entire sequence being totally unfossiliferous. Evidence 
of the superposition of the highly metamorphosetl pre -Cambrians 
(Jutogh and Chail series), building some of the conspicuous mountain 
tops of tlie area {Klippen) over the Jess altered Lower PaI«ozoios and 
Blaini bed.s (Upper Carboniferous), is obtained by a study of relative 
metamorphism and the structural relations of thrusts and uncon- 


t Q.J. Geol. Min. Mi/. Soc. In<I. V, 131, (1033). 
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formities. The older rocks, now isolated, wore once part of u 
continuous sheet over this area but are now sejjaratecl from the 
roots in the north by the deep valley of the Sutlej. To the soutli 
of the thrust zone, in the foot-hills, the older Tertiarie.s (Xiimmu- 
litics) are separated from the new'er Tcrtiaiie.s of the foot-hills by 
the series of parallel reversed faults which have been desij»imted 
as boundary -faults. 

The nappe zone of the .Simla re^cion commences some miles 
north of Solan and folio w.s a meandering E.S.E. 
course separated from the autochthonous belt 
(composed of the Krol series) by the two great 
thrusts, Chail and Girl, which correspond approximately with the 
Panjal thrust of the western Himalaya. The outer limit of the 
Krol belt is the Krol thrust, corresponding to the Murreo thrust of 
Kashmir. As should by Auden, the Krol thrust itself is steeply 
folded by later disturbances which have plicated the Krol belt. 
This Krol belt (2), which tectonically corresponds with n part of the 
south-west flank of the Panjal range of Kashmir Himalayas, e.\ tends 
along the Outer Himalayas for IKO miles south-east of Solan in a 
tightly compressed sequence of Permo-Carboniferous strata. Near 
Solan, Tertiary rocks crop out as ‘ windows ’ from under the Krols 
(I Permo-Carboniferous). 

W. D. West is continuing the field work to the nortli in this 
area and is tracing the continuity of the nappes to the root zone in 
the crystalline area beyond tlie bend of the Sutlej. Ho has map|)cd 
m the Shall -Sutlej area a ‘ window' ’ exposing younger rocks by the 
denudation of the overlying older rocks. The sides of the window' 
of the Chail series showing an epi grade of metamorphism . 
ithin the window there occur Upper Palmozoic, Niiminulitic and 
Tk ^ocks, dipping quaquaversally beneath the Chail cover. 
I he Mse of the Chads is a plane of mechanical contact and marked 
msc^ance, some recumbent folds and tlirusts being developed in 

the lertiarj’ and Palseozoic strata immediately beneath the Chail 
thrust. 


(c) The Garhuxtl Hhnaiaya. 

The tectonics of this part of the Himalaya arc discussed in a 
cent paper by J. B. Auden. Two nappes, the Krol and tlie 
#k * superposed on one another and thrust forward 

he obliteration of the autochthone at places. Middlcniiss and 
Wesbachs previous study of this section of the Himalaya liad 
«>«>ormity with the tectonic ideas prevalent then, a 
“^^rpretation to the profile across the Oarhwal Himalaya, 
mvolvuig no horizontal displacomenta. 

n^tK-east from the Sub-Himalayan Upper Tertiary 

AxiA^i Bagshai), there are encountered, according to 

Auden, the following well-defined units 
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(I) The autochthonous fold- belt composed of a substratum of 
Simla slates folded in with the Eocene, Dagshai 
Tectonic ele- and Siwalik series. Its outer boundary is the 
Garbwal moun! reversed fault, the * main boundary fault ’ of 
tains Middlemiss. 

(2) The Krol nappe, composed of a thick 
successiori of rocks of the Krol series (probable Permo-Carboniferous) 
overthrust upon the Nummulitics and Dagshais of (1). The 
maximum thickness of the succession in the Krol nappe is of the 
order of 20,000 feet. This sequence is a normal one and there is 
no inversion due to recumbent folding (2). 

(3) The Garhwal nappe, superposed on the Krol nappe, the 
relations being such that the Nummulitic, Jurassic and Krol rocks 
belonging to the underlying Krol nappe, completely surround the 
older Paleozoic metamorphosed and schistose series of rocks of the 
superincumbent napM and dip below them in a centripetal manner. 

(4) The Great Himalaya range of crystalline phyllites and 
schists, made up of metamorphosed elements of the Garhwal nappe 
(which had its root in this part), together with the phyllites, para- 
gneisses and schists, and intrusive granite bodies. It marks roughly 
the apex of the geanticline within the main geos^ncline of the 
Himalaya. 

(o> The Tibetan zone of fo8.<iliferous sediments, ranging in 
age from Cambrian xip wards to the C'retaceous, is confined to the 
north of the last zone in this part of the chain, unlike Kashmir, 
where it occxirs considerably to the south of the crystalline axis. 
The high peaks of the snowy central range of the Himalaya, generally 
composed of granitic rocks define the southern limit of this zone. 

(d) The EaeUrn Himalaya — Mount Everest Begion. 

The successive Mt. Everest expeditions have brought forwarxl 
data from which it is possible to interpret the tectonics of this 
region. The stratigraphical work of A. M. Heron and later of 
L. R. Wager enable us to do this (23). Both tlie Tertiary (Siwahk- 
Nummulitic) zone of tlie foot-hills and the autochthonous belt 
are greatly narrowed in this part, though the tectonic relations 
indicate the same large-scale inversions. The Siwaliks are m 
mechanical contact with the terrestrial and fluviatile Permian 
beds (Gondwana), which again are overthrust northwards by the 
pre-Cambrian Dnling series of Darjeeling. This timist bounds the 
nappe zone of this area, which has here tran.«gressed considerably 
further ^'outhwa^d over the autochthonous than in the areas we 

liave considered. .... t 

Mt. Everest and its satellite peaks lie on a culmination ot the 
Great Himalava range, marking appro.ximateiy 
Geology of Mt. jjouthem limit of the Tibetan sedimentary 

Everest Altered and crushed rocks belonging to 
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the latter, rest over the foliated gneissic complex of Everest witfi (i 
prevalent northerly dip, commencing with inctamorphoscd Penn i an 
series of shales, limestones and quart rites, containing a hracliio|)o<l 
fauna with some defornie<l Protiuefai and .^piriftr. The actual 
summit of Mt. Everest (29.002 ft.) is composed of a Jimo.^lone coming 
below this Permian series. From this bottom bed there an 
ascending series of strata towards the north encompassing the 
Triassic and Jurassic systems, indicating a decreasing degiee of 
mechanical deformation. In the longitudinal synclinal folds into 
which these are plicated. Cretaceous and Eocene strata are recognized 
by their fossils. A broad belt of these Mesozoic* and Eocene rocks 
was traversed by Sir H. H. Hayden and Sir Sven Hedin during 
their travels in southern Tibet. 

The Eocene is the newest stratigraphical system detected 
in the Tibetan zone of the Himalaya from Kaslnnir to Sikkim. 
Eocene strata are involved in the earliest system of flexures of the 
centra] ranges at both these localities, 

From the data available we recognize in the chief structure^ 
zones of the Sikkim Himalaya, eastward prolongations of the 
tectonic zones of Garhwal, Simla and Kashmir, though in greatly 
varying widths, 


(<) Tht Trtnd-line of tht Ilimnlaifa — fta xV.*!!'. and S.-E. 
limil$—The Himahyan SynUiits. 

The trend-line of the Himalaya forms an interesting study of 
the mechanics of mountain -building and of the 
Kasbmir^SvQl reactions of the old stable blocks of the earth's 
taxis ^ crust against the weaker zones of the earth, the 

geos jmclines . R eeent work tend s t o est a blish th e 
fact that the ti^nd of the Himalaya is determined by the shape of the 
Arch»an massif of Gondwanaland which is believed* to have played a 
Mssive role against the southward advance of the waves of crustal 
folding which elevated the Tethyan geos>iieline. For 1,500 miles, 
from Assam to Kashmir, the Himalayan ranges follow 0 T>e domuiant 
orogenio strike, at first E.-W., later S.E.-N.W. and then appear to 
terminate suddenly at the peak of Nanga Parbat (20.620 ft.), one of 
the greatest eminences on the central axis. This abrupt termina- 
tion was a puzzle ; topographic surveys failed to find any line of 
heights to continue the chain west of the Indus. Geological survey 
of the country (44), however, clearly showed a sharp southward 
pend of the mountain-strike on itself, pursuing at first a south and 
then a south-west course, through Chilas and Kbrth Hazara, instead 
ot pmuing a N.-W. course through Chitral. 

Wadia in 1931 su^ested that the acute bend is due to the 
moujdmg of the Himalayan orogene as it emerged from the Tethvs 
rwnd a^ngue-l^e projection of Gondwanaland — the Punjab 
^age. On meeting with this obstruction, the northerly earth- 
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The Assam 
SyoCaxlal angle 


pressures resolved into two components, one acting from north- 
east, the other from north-west, against the shoulders of this 
triangular promontory. Thus it has happened that the Hazara 
mountains are. in their geological structure and composition, a 
replica of the Kashmir mountains. Westward the axial con- 
tinuation of the Himalayan geos^ncline is observable as far as 
Campbell pur, be.vond which it will be decided by future field work 
on the Ira no -Afghan frontier. 

The eastern limit of the Himalaya beyond Assam is as yet 
largely a matter of conjecture. This part of 
the Himalaya, geologically speaking, is still a 
terra incognita as far as its stratigraphy and 
rocks are concerned. The tectonics of the interior parts are like- 
wise unknoxdi. Nevertheless the few data that are available from 
field observations in the Dafia, Abor and Mishin i hills, Sadlya, 
Hukawng and Patkai ranges penult some tentative views on the 
strike and alignment of the ranges. The structural strike of the 
mountains and the disposition of the fold -axes at the above-named 
localities strongly suggest a deep knee-bend of the Assam Himalaya 
towards the south, the re-entrant being, in this instance, deeper 
and more acute than is the case with the north-west syntaxis. The 
obstructing block in the present case must be the massif of the 
Assam plateau, connected underground through the Bajmahal 
hills mth the Peninsular horst. 

The .south flank of the Assam Himalaya shows a general north 
or north-west dip of the beds, the faults and 
Tectonics of thrust-planes also heading in the same direction, 
moiintdins On the opposite flank of the deep hairpin bend , 

enclosing the valley of are the Naga hills, 

showing south-easterly dips along with a number of strike -faults and 
thrust-planes, all heading towa^s the same direction. P. Evans^^ 
considers that there is much evident similarity between tlie disposi- 
tion of the Tertiary strata of the Himalaya and those of the Naga 
hills, and the age of faulting also, as far as can be ascertained, is the 
same. The compression of the tongue of foreland enclosed and over- 
thrust by the two flank.s of the sjmtaxis is enormous, as if between 
the two* jaws of a vice. According to C. S. Fox and P. Evans 
(13), who have carried out detailed field work in the Assam hills and 
the plateau country, the Assam valley is a good example of a 
‘ ramp vallev ' that has bv pressure and overfolding been so jammed 
that its present breadth is onJy a small fraction of the original. 
During this process the central 7nassif of the Sliillong plateau 
was sliced by cross-faults into blocks that have been pushed 
southward en echelon. 

Paleontological evidence supports the inference that the 
Hiniainvnn chain bends .^uthwards and does not continue on its 


1 In an unpublished conimunic»(ion. 
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eastward alignment info China. The Meso7/>ic flora of Jiiirnm ijc 
different from the hoin of axial Upf>or (rondwanu flora <»f India and 
is more allied to the flora of China — a quite distinct pala-o-hotanical 
province from India. This separation of i\w Ilfc-pttivijKcs of 
Gondwanaiand and China, lasting from the UpjHT f*arf)onjrcrf>ns 
to the Cretaceous. Is a fact well e-stabllshed by Halle ami Sahni : 
the cause of this separation can only be ottribnfe<l to tfic interpasi. 
tion of the barrier of the Tethys sea. Again, the Cretaceous sy.^tem 
of Burma reveals no connection, faiinistic or strAtigrapluc> with 
contemporary deposits of the cloi^ely a<ljaoent Assam province (a 
part of Gondwanaiand). but it shows marked affinities with tlic 
Cretaceous of Sind and Baluchistan — a Tethynn )>rovince. The 
Tibetan zone of Himalayan stratigraphy. dis|X)sed to the nortl) of 
the crystalline axis of this mountain chain, extends into Sind on 
the west side and to Burma on the ea^t. 


if) The Arcuate Form of the Hhnatai/a$ and thdr Itehtiou to the 
Cent rat Asiatic Mottntain-si/sknis. 

Recent work in Ferghana by Mushketov, in the Fainlr region 
by Russian geologists, and in the Himalaya by the (k*ologicul 
Survey of India tends to establi.sh a unity of structural plan and 
features, disclosing a common cause and origin for all tfie great 
niountam-systcms of Central Asia, both of the Hcrcynuan and 
of the Alpine age (31, 42). It is, however, probable, as Argaiul 
believes, that the powerful crust movements of the Tertiary and 
post -Tertiary Alpine orogeny supersedetl. and in a great measure 
altered, the old Altald trend dines of Asia ; the existing alignment 
of all the ranges, therefore, which meet in the Pamir knot, in largely 
the work of the late Tertiary diastrophism. The orientation of the 
Tien Sban-iUai-Kuen Lun system of radiating chains of the north, 
that of the Hindu Kush -Karakoram arc of the middle, and of the 
The Pamir Knot ^e«Pj.v reflexed Himalayan arc of the south, all 
fuse in the Pamir vertex or knot, a crust segment 
possMsmg unique significance as having an equatorial strike orients, 
won in the mi^t of numerous divergent trend-lines radiating awav 
from It. To the south of the Pamir is the Punjab w'cdee, the pivot 
on which are moulded the Himalayan sj-ntaxis and the Hindu 
Kush.Karakoram syntaxU. This N-.S. line of the crust connecting 

Punjab is thus of critical importance in the 
orography of Asia and will take a key position in future work on 
rog^esis and mechanics of crustal motion in mountain building. 

Ihe festooning of the Himalayan arc, caused by the reaction 
The rhle of the ?,* P^^stic earth-folds pressing against 

Indian horst Indian horst is of great interest. We have 

Piin?«k A A prominent of these in the 

^jab and Aswm wedges causing acute looping of the mountain- 
arcs. An equaUy abrapt s}-nto)ii8 of the mountain-folds, wliicb 
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belong to the south-ea&t flank of the Suleiman bifurcation of the 
mam Himalayan axis as it joins on with the Iranian arc to the 
west, is seen near Quetta in Baluchistan. This comparatively 
minor but most spectacular re-entrant shows a bundling up of a 
mnltitude of normal anticlines and synclines of Tertiary, Cretaceous 
and Jurassic strata into a closely packed sheaf and forced out of 
straiglitness by two abrupt cur\*es involving a bending of the axes 
under the northerly pressures through angles of 120® and 150®. 
It is significant that this re-entrant is an area of marked seismic 
activity (4H). W. D. West, who investigated the Quetta earth- 
quake of 1935, regards its origin as largely due to the strain 
of the tight packing of folds in the Quetta syntaxis. 

From these considerations the view is expressed that the 
Great Himalaya Range, from the gorge of the Brahmaputra in the 
east to Xanga Parbat on the Indus in the north-west, denotes the 
Himalayan protaxis, the axis of original upwarp of the bottom 
of the Tethys geosyncline. At both its ends it has undergone 
sharp south want deflections owing to the termination of the 
obstruction olfered by the north edge of the Gondwana-block and 
its projecting angles and capes, 


(g) The Age of the Tectonics of North India. 

Evidence of the extreme youth of Himalayan orogeny has 
multiplied of recent years. The tilting and elevation of the 
Pleistocene lake and river deposits of the Ka.shmir valley (Karewa 
series) containing fossil plants and vertebrates, to a height of 5,000- 
6,000 feet ; the dissection of river- terraces containing post-Tertiary 
mammalia to a depth of over 3,000 feet and overthrusting of the 
older Himalayan rocks upon Pleistocene gravel and alluvia of the 
plains have been noted by the Geological Survey of India and 

other observers (De Terra). The initiation of 
of^uplift of^the Himalayan mountain-building took place in (1) 
Himalayas post-Xummulitic, Oligocene, time at the earliest, 

since which the two major phases of upheavals, 
as revealc<l by clear stratigraphic evidence, are (2) the post- 
Miocene, during which the *Simla nappes, the Krol and Garhwal 
nappes an<l the Kashmir nappe were formed, and the broad piedmont 
zone of Murree sediments was plicated, and (3) the post -Pliocene, 
continuing late into the Pleistocene, which has uplifted the Upper 
Siwalik sediments to a steeply inclined or vertical position in the 
Punjab foot-hills. The great down warp of the Plains of Punjab, 
Bihar and Bengal was concomitant with (2) and (3) phases of 
Himalayan elevation. 

In the iSalt Range and in the Assam ranges, two periods of 
uplift are recognized : (1) post -Eocene or Oligocene, and (2) 
Pliocene, which continued till late into the Pleistocene. This 
latter diastrophism was probably a sympathetic event accompany* 
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ing the final Himalayan phase. The Assam plateau has receive fl 
also an epeirogenic uplift during the late Tertiary. 

No Mesozoic or late Palfeozoic tectonic movement of orogenic 
description is detected in the Indian foreland, though minor Marps. 
e.g., minor marine transgressions during the Uralian. Jurassic und 
Cretaceous, which penetrated the heart of the Peninsula, nccom- 
panied by block- dislocations, have occurred time and again during 
the long geological interval. The latest orogeny of the Pen insula 

is assigned to the post-VinclLyan and pre- 
dbyan **Vrofieny (Uralian) interval, which foldotl 

In Deccan ^ peneplaned Aravalli synclinonum Into a 

rejuvenated chain, involving in its plication a 
selvage of horizontally bedded Vindhyans Cambrian) on its east 
fiank. 

There was no well-defined Caledonian cycle of earth -deforma- 
tion in India, while the Hereyitian revolutions manifested them- 
selves in initiating the Tethys, in bringing about wide changes in land 
and water distribution, and in tension al faults in the Peninsula, 
but not in the creation of folded mountains. 


VIII. The Indo-Gangetjc Trovgh. 


(a) The Main Trough. 


The great plains of Northeni India, the hitherto neglected 
A structural of the geological history of India, 

basin received much attention since 1910 from 

geologists (R. D- Oldham (32), Sir H. H. Havden 
(ii) and others] mainly on account of the interest of the geodetic 
and geophysical investigations revealing something of the structure, 
composition of their floor. All geologists now recognize 
that this great alluvial plain covers a trough which is of the nature 
of a foredeep ’ produced by a sagging of the foreland, in face of the 
advancmg Himalayan folds. This was Sucss' conception. R. D. 
Ul^am included from a survey of geological and geodetic 
evidence that the maximum depth of the trough was lo.OOO ft. near 
Its northern limit, from which the floor sloped upwards to its southern 
edge, whm it me^es with the edge of the Vindhyan uplands north 
ot the Deccan (32, 21). 


More ^ent revised calculations by Lt.-Col. E. A. Glennie of 
tbe ^detic Survey have made considerable additions (o our 

topography of the bottom of 
me trou^ Glennie aUows only 6,500 ft. as masimum thickness 

roclT deposit resting on the denser Archsan bed- 

.• f ^ geological requirements and 

cannot satisfactorily account for the Murree and Smalik deposits 
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soine thickne?*s of which must underlie the more recent alluvium, 
it heli)s to check any exaggerated conception of the thickness of 
the alluvium (10), 

How far southward the Murree and Siwalik deposits of the 
_ . foothill zone extend underneath the Indo* 

Corrugations o Oangetic alluvium wc have no means of deter- 
mining, except {)ossibiy hy gravity and magnetic 
surveys. A submerged ridge in structural prolongation of the 
AravalU axis at Delhi and striking nort h -east wai^ stewards Hard war 
is revealed by gravity survey. Another ui^derground ridge of 
dense rock is marked out by torsion balance and pendulum observa- 
tions between Delhi and the Salt Range, connecting the isolated 
hillocks of iSargodha. Here the alluvium must be shallow, The 
depth of the alluvium Is at its maximum between Delhi and the 
Rajmahal hills and shallow in Raj put ana and between the Rajmaha] 
hills and Assam. 

The down warp which produced the Gangetic geosyncline (in 
this case t}\e subsidence was not deep enough to carry its surface 
beneath the sea -level, except temporarily at the beginning) must 
have .started as a concomitant of Himalayan elevation to the north, 
somewhere in the mid-Eocene, The deposition of the debris 
of the newly rising mountains and sinking of the trough must 
have procecciecl j>ari p<is$n all through the Tertiary up to within late 
Pleistocene an I sub-Recent times. 

There is evidence of a considerable amount of flexure and 
dislocation at the northern margin of the 
Folding a^nd trough, passing into the zone of the various 
boundary faults at the foot of the Himalaya ; 
it is possible that a certain amount of folding 
and faulting extends southwards to the bottom of the dow'invarp. 
At any rate, it is clear that the northern rim of the great trough is 
under* considerable tectonic strain due to the progressive down- 
warping, with the greatest subsidence where it merges into the foot 
of the mountains- The seismic instability of this part of India is 
well known, it being the belt encompassing the epicentres of the 
majority of the known earthquakes of Northern India. Field 
investigations on the recent Bihar earthquake of January, 1934 
point to some crustal disturbance below the Gangetic valley between 
Motihari and Purnea as the cause of the disaster. A memoir, by 
D. N. Wftdia, J. A. Dunn, J. B. Auden and A. M. N. Ghosh, on the 
geological aspects of this earthquake is under publication. 

The southern limit of the trough shows no structural 
peculiarities or features of any importance. 


faulting at the 
north margin 


(6) The Faiwar Geoat/nclhit. 

This basin is a north-westerly branch of the main Indo-Gangetic 
depression. D. N. Wadia has drawn attention to the intimate struc- 
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tural connection between the Pot war peosyiicUnc* of the north-west 
Punjab— a basin encompassing 2o.00W ft. of Tertiary .scdniu-nts 
in one conformable sequence— and the main Imio-fMngetic depres- 
sion (43). The roek-seqoenoe in the Potwar l>asin-f<.l<l epitomises 
the Tertian* geology of Northern India. This svnchiie is 70 tnilcs 
broad and'loO miles in length along its strike, tapering <mt east 
of the Jhelum into the Siwalik foot-hills xone. The Potwar basin 
is the smaller north-westerly ramification of the Inclo-tiuugctic 
trough, the other southward and larger branch being tlie Hajpntana 
trough. 

The southern edge of the Potwar bjisin is the pent scarp of 
the Salt Range mountains, a disrupted monocline : vvldle its northern 
rim is the isoclinally folded Kala Chitta range at the soutli border 
of Hazara. 

To the south-east the Potwar basin-fold gra<lually llatteu.s and 
widens into the broad Indo*Gangetic trough. 


IX. Rbce^ct Advances in Paleontology in India. 


Notable contributions to our knowledge of palaeontology in 
India during the last twenty years have been 
^ ef ad vance^** along four main lines: (1) the investigation of 
the invertebrate Palieozoie faunas from the 
ancient li^-provinces of the Salt Range. Kashmir, the (Intral and 
Pamir region, and the Shan States of Burma : (2) the .stiuly of 
the rich mammalian faunas entombed in the Siwalik anti older 
Tertiary fresh -water deposits of the Himalayan foot-hill.s niul tliosc 
of the Baluchistan and Burma highlands ; (3) the detailed examina- 
tion of groups of marine Mesozoic and Eocene fossiK e.g., 
the Jurassic cephalopods of Cutcb, the Danian faunas of the Canlita 
beoumonti horizon, the basal Eocene mol hi sea of the Bnnikot series 
and the Eocene foraminifera from the calcareous mountains of the 
north-west : and (4) the revision of the fossil floras of tlie Gondwana 
system in accordance with the advances in palfeobotany that have 
been made since Feistmantel carried out his pioneer investigations 
on the terrestrial fossil v^etation of India between the years 
13C3-86. 

A number of important monographs on the fauna of the older 
Invertebrate I^Rl*ozoic and the * Antliracolithic ’ formations 
palsontolagy Himalaya, Burma and the Salt Range 

by Dr. F. R. Cowper Reed (39), have brought 
the problem of the geographical distribution of the life- provinces 
in the Paleozoic seas of India nearer satisfactory solution. Accord- 
ing to Dr. Reed, the Himalayan Palsozoic faunas are notable for 
^eir closer relationship to American fauna than to those of Eurasia. 
The Devonian and Carboniferous of Ohitral and Afghanistan, on the 



118 


PROGRESS OF SCIENCE IN 1>'DLA. 


Mammalian 

paleontology 


otlier hand, have a decided relation^^bip with Europe : so also the 
rich Paleozoic faunas of tlje Shan States of Burma are European 
in character and have little affinities with the Himalayan Pal»ozoics. 
In the field of invertebrate paleontology in India, Dr. Reed is the 
successor to the late Prof. Carl DIener of Vienna, wlio for many 
years hefi^re the A\'ar was a most valued collaborator with the 
Geological Survey of India in working out its collections 
of tlje faunal wealth of the Spiti, Kiuuaon and Kashmir 
Himalayas. As a consequence of detailed palaeontological study, 
followiiig closely on systematic mapping and collectiiig in the 
field by officers of the Geological Survey, the age of Permo-Carboni* 
ferous glaciation of India, a mast im]>ortant datumdine in the 
geology of the whole of the ancient southern continent of Gondwana. 
land, is now deduced with considerable precision to belong to a 
horizon at the base of the Uralian or the top of the ISfoscovian 
stage — a horizon w*hich is now accepted by Indian geologists as 
forming the bottom of the lower Gondwana system of deposits in 
all parts of India. 

Dr. G- E. Pilgrim has been the chief investigator of the Tertiary 
mammab of India during the last tw*o decades 
(3o). His notable contributions arc memoirs 
on Uie Eocene ungulates from Burma, the Lower 
Miocene unthraeothcroids from the Bugti Hills of Baluchistan, the 
fossil pigs, giraffes and carnivores of India, together with a forth- 
coining comprehensive review of the hoi low -homed ruminants which 
are so prolific in the Siwaliks. In very suggestive pap«*s Pilgrim 
has discussed the problem of the phylogeny, inter-relations and 
migrations of the various groups of pre- historic mammals into and 
out of India during the Si walik epoch, when India's population of the 
higher mammals was far greater than it is to-day. An important 
clement in the mammalian fauna of the Siwaliks consists of the 
remains of creatures belonging to the most highly developed order of 
the primates, these including some fifteen genera of anthropoid apes, 
extending in stratigraphic range from middle Miocene to early 
Pleistocene. The fossil primates so far discovered are, however, 
unfortunately very fragmentary and in the present stage of our 
knowledge no definite conclusions as to the probable lines of descent 
of these forms and their position with respect to the line of human 
anccstr\' in India can be safely drawn, yet the proof of the presence 
of a vigorous and highlv differentiated family of the anthropoid 
ancs (Simiid®) in an epoch directly anterior to that of man, 
that the idea of the existence of Upper Siwalik Man in India (tbe 
vet undiscovered Sivanthropu^) may not be merely a dream. 

Since M)20 our knowledge of the Mesozoic reptiles ot India, 
especially of the extraordinarily diversified order 
Dhiosauria. has been greatly increased hy ^he 
finding of large quantities of vertebrai. skull, 
limb and ginlle l>ones, armour-plates, and teetli. from the 


Cretaceous 

Dinosaurs 
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Jubbulpore district, bv Dr. C\ A. Mnticy. workma in <‘G-o|)onition 
with the Geological Survev. The sy.stcmatlc desmption nJ this 
material bv Prof. Von Honne of Stnttjrurt. a rcco^^nized rtiithonty 
on fossil reptiles, and Dr. ilatley. lias a(l<le^l 12 now ^'oncrn and 
many species to the list of Indian dinosaurs, inoludiinr the first 
records of the sub-orders Ccelurasauria and Stcgosaiiria in this 
country (2S). The chief genera are Titnnowunis, An/nretomifruA. 
Indosuchu^, Lamet04<i»ru3, Lnp!(ttn»furii^. Jubhui/ioria. The <iino- 
saurs reached their highest development in Indin during the 
Lamete age in the Upper Cretaceous period. Von Heuno states 
that the Central Provinces fossil dinosauns arc clasely allied to 
those occurring in the Cretaceous of Jiladagascar and also with 
those found in Patagonia and Brazil. This would suggest land- 
bridges in the e slating Indian and Atlantic oceans, or t])e persistence 
of remnants of the old Oondwana continent. 

Dr. L. F. Spath of the British Museum has completed his 
revision of the Jurassic Cephalopoda of Cuteb. 
Juras^slc Cepha- comprising 566 species of ammonites divided 
^ into 114 genera, the majority of these being the 

author's own creation ; the fauna is described in six bulky memoirs 
of the PaJaoniologia Indira (41). Dr. Spath has discussed in* 
tercsting questions of Jurassic zoo*geographical provinces, the 
affinities and comparisons of contemporaneous faunas from otlier 
parts of the world and the fascinating problem of ammonite phy* 
iogeny, in the investigation of which he finds the Haeckel ian theory 
of Becapitulatioo, or as it is termed. ' Biogenet ic law’, quite 
inadequate. The main elements of tlie Cutch fauna, according to 
Spath, are more closely linked to the fauna of the lado-Madaguscat* 
province than to the Mediterranean (i.e., Tethvan) area. 

The pre-eminent position occupied by the Gondwana system 
among the stratified formations of the Peninsula 
has, &om the earliest days of Indian geology, 
enforced attention to pnleobotaaical studies, 
not so much for the purpose of establishing clironoiogies (for which 
the value of the evidence of plant fossils is still not fuUy established) 
but for the classification and intercorrelation of stages of tlie various 
widely scattered Gondwana outcrops of India from Kashmir in the 
north* west to the mouth of the Godavary in the south east. In 
1920 Seward and Sahni published a memoir on the revision of some 
C^ndwana plants ; this paper has dranm attention to the necessity 
of a comprehensive re -study of the great store of plant petrifications, 
impre^ions, woods, fructifications, etc., belonging to the original 
material worked out by Fcistmantel, as well as that collected by 
the ^logical Survey during the last fifty years. Tlie recognition 
of the Pteridosperms as a group distinct from the ferns and of the 
Bennettitales as distinct from the Cycads, along with the improved 
methods and technique of investigation of fossil plant -tissues that 
have come into use during recent years, have already caused con- 


Gondwana 
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siclerable mo<lifications in the grouping and nomenclature of 
Gondwana plants. Since 1925 the work of revision has been 
carrie<l out by Prof. B. Sabni of Lucknow University and two 
memoirs <lealing with the Coniferates (40), besides several smaller 
pajjers on subjects of special interest, have already been published. 
Prof- Sahni is at present engaged on a comprehensive study of the 
po^t•(Jon(l\vona fossil Monocotyledons <*ollected from various parts 
of India. 

During tlie past few years, 8ahni has made several contribu- 
tions to Indian paleobotany. Notable amongst these are bis record 
of the only coniferous wood so far known from the Shan States, 
the first discovery in India of the genera Matonidium and Weich^elia 
which are characteristic of the Jurassic and Wealden strata of 
Europe, and a number of papers dealing with the age of the Deccan 
traps, now accepted as Tertiary. In another paper, Sabni refers 
the Parsora beds to the Permo-Trias, instead of to the Upper 
Gondwana (Jurassic) to which these were assigned by Dr. C. S. 
Fox on stratigra pineal grounds. His discovery of an angispermous 
wood in the Bajmahal be<ls raises interesting speculations as to its 
afiinities and the age of the beds in which it occurs (p. 94). 

Prof. Goth an expresses the opinion that the few fossil plants 
entombed in the Po series of Spiti are of lower Carbojiiferous age 
and in thi.s respect follows the view held by Zeiller. 

Among other noteworthy palceontological work of recent 
_ , years may be mentioned the establishment of a 

caf * ^ork^ well developed Cambrian system 

recent years Kashmir, containing a highly differentiated, 

but strongly provincial, fauna of trilobites, and 
of the Xeocomian and Albian horizons in the Cretaceous of the 
Kohat area. The value of Foraminifera as zone fossils in strati- 
giaphic correlation.sof stages and sub -stages of the extensive Eocene 
and Oligocenc calcareous <levelopment of the north-west, is brought 
out by the work of \V. L. P. Nuttall and L. M. Davies. 

In a recent contribution D. N. Wadia has proved the occurrence 
of Cretaceous rooks in the Kashmir Himalayas and records the 
presence of the characteristic Cretaceous foraiuinifer OrbilolhM 
in these beds. The discovery that the Gr6i7o/tno-limc8tone was 
intruded by the hornblende-granite of Astor, stamps the age of this 
largo body of granite as post -Cretaceous. This is the only definite 
evidence of the age of a Himalayan granite which has become avail- 
able in recent years. 

Palaeontological publications which have appeared since 1933 
are : — 

Dr. F. K. Cowper Beed has made known the faunas of the 
^lian States of Burma and the Salt Range in a 
Recent note- number of memoirs. Dr. L. F. Spath has pub- 
Uons*'^ publica- 3 number of valuable memoirs dealing 

with the Cephalopod faunas of India. 
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Prof Julius Pia of ^■ienna and L. Rama Rao (3«) liavo given 
a detailed description of Fossil Alg® from the 
South India. Certain specimens from the ^I,) 

which have been referred variously to the plant and nnima 
kingdoms, and have even been regarded as inorganic, were dcscrilH-d 
hi 193.5 bv Dr- Frederick Cliapman of MellKmrne. Aiistrali.i as 
AtreLtoiis and Xeotrematons BrachiojKida. He assigned thix-c 
species to his genus Fernioria and one to ProiM''h. i\. H. 
S^mi, who re-examined the type and other material in detail, has 
thrown considerable doubt upon this classification and 
the brachiopod affinities of these fossils as very iloublful. He 
prefers to assign them to a separate family, the hennnrida-, an<i 
recc«nizes only one instead of three species of Fennona the 
olhMS falling into svnonj-my with it. More material needs to be 
examined before the true affinities of these fossils can lie ascertained. 

In a short note M. R. Sabni records the oceurreucc on the 
foreshore at Puri, of a lamellibranch sMcies closely allied to Faphia 
gregaria (Partsche), a Miocene form. The specimens were not loun< 
in situ, but their embedding matrix is iUeiitioal to that obtained 
from a boring at Baripada, Mayurbhanj State, more than a mmarod 
miles to the north-east of Puri, containing Amphistcgim and 
Ostrea of probable Miocene age. It appears probable that Tertiary 
rocks extend from Baripada and occur imdergroimd near 

Of recent fossil discoveries in Burma may be mentioned Lr. 
Triassic ammonites from the Northern Shan States and a^ well- 
preserved Devonian fauna from Me-so in the Southern Shan .States, 
both by M. R. Sabni. V. P. Sondhi .‘n 1030 di^overcl a large 
and important graptolitic fauna from the Southern Shan States, 
identified as belonging to ibe Valenti an and Xalopwn horir.ouj^ 
of the Silurian. E. L. G. Clegg discovered Cretaceous beds in the 
Second Defile of the Irrawaddy in 1030. 

Mollusca from the freshwater Inter-trappean beds and from 
the Upper Tertiaries have received scanty notice. Among import* 
ant contributions describing these are & number of papers on 
Lomellideru, IndonaiOi and Potomida, of comparatively recent 
aspect, by B. PrasUad and E. Vredenbui^. A review of fossil 
Unionida of the Siwalik series has lately been published by H. E. 
Vokes in a memoir of the Connecticut Academy. 

A magnificent collection of animal and plant fossils, the result 
of nearly seven decades’ collecting by the Geological Survey, is 
stored in the galleries of the Indian Museum at Calcutta. Free 
access to these collections is given to students and specialists and 
the Museum U actively furthering palieontological research by its 
system of exchange and presentation of duplicate specimens, casts, 
etc., to museums in many parts of the world. Between 1932 and 
1936 on several occasions, the Indian Geological Survey co-operated 
with the Yale University expeditions under Dr. de Terra in making 
large collections of invertebrate and vertebrate fossils from the 
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Permo-Carboniferous of the Sait Range and the Siwalik deposits of 
the Potw*ar, Simla and Kangra areas, and with the Britisli Museum 
Per(ry Sladen Trust party in collecting fossil reptilian remains from 
the Central Provinces. 

^ A welcome sign of the times is the interest taken in palttonto- 
logical work by some of the younger workers in Indian geology, 
Considering the serious and often unsurmountable limits to pal»oDto- 
logical research by thase beyond reach of organized depart- 
mental centres, e.g.. properly ecpiipped libraries and museums, the 
progress, though slow, gives cause for satisfaction. Besides some 
excellent pal®obotanical works produced by Prof. Salmi’s research 
students, the Geology Department of Bangalore and Benares are 
making creditable endeavours to encourage palseontologlcal research 
on the right lines. 


X. Economic Geology. 

During the period under review there has been a remarkable 

Development of ‘"o'** ««olo«y of The 

minerals Ueological iSurvey of India have for many years 
published quinquennial and annual reviews of 
the mineral production, and a comparison of the most recent 
review with that of 25 years previously shows the degree of advance 
that has been made in the development of the country’s mineral 
resources. During this period the value of the minerals produced 
has doubled, and there have been extensive enquiries into the dis- 
tribution and mode of occurrence of the more important deposits. 
Tile economic side of the work of the Geological Survey of India is 
even more extensive than might be gathered horn a perusal of the 
varied list of memoirs on economic subjects ; the annual general 
reports of the Survey’s activities show the increasing attention 
paid to applied geology, especially in such matters as dam sites, 
railway alignments, borings and underground water supplies, and 
besides this, enquiries are constantly being received from industrial 
concerns. 


The more important publications on mineral resources include 
Dr. Fermor’s report on manganese (which 
^em**lrs * appeared just before the period with which we 
^ ^ ^ concerned), several volumes on the coal- 

fields by Dr. C. S. Fox and others, a number of papers on the iron 
ores, and others dealing with wolfram, bauxite, the refractory 
minerals, barytes, asbestos, etc., to some of which reference has 
already been made. 

An instance of the happy combination of * pure ’ and ‘ applied ’ 
geology is the series of papers by Sir Edwin 
Petroleum Pascoe on the petroleum occurrences of India and 
Burma. In these he has summarized the stratigraphy and struo- 
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ture of the Tertiarv rocks of a large part of India aivl Bnnaa. 
adding manv geological maps of the oil- prod tuang areas, bcsi<le> 
girin®* an account of the oil industry and discussing the i»rospccts 
of further developments. His work lias Ix'cn lollowod np hy 
accounts bv C. T. Barber of modern oilfield practice, and of tlic 
natural gas resources. Besides the publications of tlic (iCMdogical 
Survey on petroleum geologv. there have Wn a number of con- 
tributions by the geological staffs of the oil companies, those pai)ors 
appearing in a variety of geological and technical journals. One 
of the most interesting developments of the geological work of 
the oil companies is the extensive application of sedimentary 
petrology to correlation problems referred to above. It might be 
said that the period under review has seen ahno.<t the entire growth 
of the science of oO geology, and a perusal of the literature will 
show that, in proportion to the oil production of the country, 
India has taken its fair share in the advancement of the growing 


science. 

In the course of their work on the coalfield.^, the (loological 
Survey have produced large scale Tiinps of all 
the important Gondwana coalfields to accom- 
pany the descriptive memoirs ; in addition, complete maps of the 
Jharia and Raniganj coalfields on the 4* scale have been prepared 
for sale to the public. Many papers discussing geological problems 
associated with the coalfields have appeared in the journals of the 
scientific societies, particularly in the Transactions of the Mining 
and Geological Institute of India and more recently in the Quarterly 
Journal of the Geological, Mining and Metallurgical Society of 
India. 


The Arcbceans (and to a smaller extent the other pre -Cambrian 
Ores rocks) have been the subject of an important 

literature dealing with their economic aspects ; 
the manganese ores have been discussed especially by L. L. Perm or, 
and thoiron ores by 0. Jones, F. 0. Percival, E. Spencer, and several 
officers of the Geological Sun'ey. J. A. Dunn has recently described 
the ores of Singh bhum, A. L. Coulson the barvtes and asbestos of 
Madras, and G. V. Hobson and S. K. Roy the mica deposits of 
Bihar. Dr. Heron has published a detailed survey of the economic 
rocks and minerals of Rajputana and M. S. Krishnan the mineral 
deposits of Gangpur. Important data concenuug these mineral 
resources have appeared in the annual and quinquennial reviews 
of mineral production prepared by successive Directors of the 
Geological Survey. 

An exceUent series of monographs on economic mineral depo- 
sits of Kashmir has been published by C. S. Middlemiss (30) on 
coal, lignite, bauxite, copper, zinc and nickel -ores, sapphires, etc., 
based on accurate surveys. 
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XI. Geography and Geodesy. 

[The Geographical and Geodetical Work of the Survey of India.) 
(rt) Progress of Geography in hidia. 

The most important geographical work done in India during 
the last century and half is in connection with the topographical 
mapping of India for administrative, military and revenue purposes. 
This work commenced in the early days of the East India Company 
as military route surveys. The initiation of detailed topographical 
surveys, based on a rigid framework, seems to have been some- 
where about the closing years of the eighteenth century, when the 
Great Trigonometrical Survey of international fame came to 
be instituted under William L^ambton. This stupendous frame- 
work, now reaching completion, has accurately placed India on 
Survey com* earth. The purely map- making 

menced In 1767 of the Survey of India, however, began at 

an earlier date — 1767, — ten years after the 
battle of Plassey, and it has up till to-day surve^'ed and mapped 
1.304,453 sq. miles of India and Burma out of a total of 1,884,640 
sq. miles on a standard of accuracy equal to that of the surveys in 
Europe. As ancillary to topographical surveys and the maintenance 
of geographical maps of the greater part of Southern Asia, there 
are a number of field -operations and activities of a purely scientific 
nature maintained by the Department. The routine geographical 
work of the Survey falls Into four parts — general, geodetic, topo- 
graphical and map-publication. The purely scientific activities 
are 

(1) The principal trianguhtion of India . — The foundation 

an<l controlling framework for measuring the figure 
of the earth in India and for the control of horizontal 
topographical measurements. 

(2) Levelling operations, controlling vertical measurements as 

a basis for topographical heights : erection of standard 
bench-marks and preparation of level-charts. 

(3) Astronomical operations for determination of latitude, 

longitude and time ; — location of India in its correct 
position on the globe. The origin of Indian triangula* 
tion was a point in Central India. 

(4) Pendulum operations for observation of the direction and 

force of gravity in order to correct the astronomical 
results from the unavoidable errors caused by deflec- 
tions of gravity at a particular point of observation. 

(5) Tidal operations, to provide a datum for levelling work 

of the Survey, for tide predictions between Suez and 
Singapore and obtaining evidence for the rising and 
sinking of the land and of the mean sea-level. 
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<6) Mttfjndic Surveif to determine the deolinfition. di|> and 
Intensity of t)»e earths magnetic for<-o in <liffcrctU 
parts of India. Tliis was nndortaken in IIHH und 
closed down in 1020. Fiehl observations were made 
at 1.400 stations ; SO roi>cat stations were observed 
at o*year intervals. 

The astronomical, trigonometrical and geodetic results aeeom. 

plished during the pursuit of the ahovo-narnod 
Scope of work activities of the Department since its inception 
constitute one of the finest records of scientific Mork achieved in 
any part of the world. The high objective of the workers in this 
branch and their endeavour to maintain an unremitting liaison 
with advanced science is seen in the following quotations from a 
paper by Sir Sidney Burra rd, late SurvoyoM General of India, 
then Col. Burrard, F.R.S.. Superintendent of the Trigonometrical 
Surveys, reviewing past work of the <lepartnicnt. in lh03 (Prof. 
Paper No. 0, Calcutta, 1905) : — 

* The primary object of a national s\ir\'ey is the making <»f mnn;^, ntkU all 
oporatioita are subordinated to that end. li is for tO|K>grAphlcai purpOMCH 
that a national sur\*ey measures allotted span of the earth’s surface. If, 
however, these measurements be subsequently combined with iiAtronomicid 
determinations, the site and shape of I lie earth can be deduretl. nnd n know* 
ledge of this slxe and shape is essential to astronomers, goographerx. gerjh>gi>t^ 

and meteorologists, all of whom look to Sur\*eys for informotiun ' 

'The great accuracy of modem astronomical ol>sei^’ation« for Mtollni and 
lunar porallax are constantly necessitating more refinod detcnnluatioiH of the 
figure of the earth, and astronomy is continually bringing proAsnre to bear 
upon Surveys to lend her their aid — for her celcHtial ineaHurernoiu^ inunt 

always emanate from a terrestrial base ' ’ The determination of the 

figure of the earth snd of the dimenMOns and of the specific gravity of the 
geoid is now in the hands of an International Geodetic Association. ' India’s 
CO 'Operation is the more valued by the Asaoelation, because she alone of the 
civilised nations possesses an equatorial area, and b^au:*e she includes within 
her dominions the hiahest points of tbo earth’s surface.' 

' The area of India is more than one^fourlh of the total triangulatciJ aiea 
of the world : it is the largest triang:ulate<l area that has yet been undei tnken 
by one Surv'oy j it is the largest triangulated area that has ever lieeii ma<le to 
emanate from a single point ; and our astronomical officers have had to fit 
this area iiito its true position on tlie globe. They ha>*e hatl to di.^cover the 
relatiw dimensions of the ares to be located and of the globe receiving it : 
they have had to keep a watch on the triaiigulation, to see that it is not 
trespas^g beyond our correct frontiers and coasts, ami to warn us of the 
errors (hat we shall have to deal with when we meet with a foreign surv'ey.' 

. authoritative map of India was published by D’Anville 

m 1752, when the exploration of the then unknown India was still 
largely in French hands. The earlier maps of the Survey of India 
were militery reconnaissances and later chained surveys based on 
fixed points, and do not pretend to the* accuracy of 
the modem maps of India based on the rigid system of triangulation 
commenwd at Madras in 1802 and since extended o\*er and be vend 
India. By 1912 India had been fairly well covered by series of 
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primary a])d secondary triangulation. but extensions are still 
occasionally being made. 

Several hundred thousand topographical map* sheets of con* 
toured surrey witltin the borders of India and 
map- sheers Burma have been producerl within recent years 

on scales between J inch and 1 inch to a mile, 
and on scales of 16 and 32 miles to an inch for public use. The 
total map* sheets of different districts of India now in stock and 
available for issue to the public number 2| millions. The average 
number of maps issued during a year is about 700, while the extent 
of country originally surveyed during an official year is roughly 
53,000 sq. miles. Besides accurate delineation of geographical 
facts, these maps represent a very high standard of draftsmanship 
and artistic power. Besides purely topographical and geographical 
surveys, the Department undertakes local, forest and cantonment 
surveys, riverain, irrigation, railway and city surveys, estates and 
mining surveys, etc. The annual programme of the Survey inchides, 
besides the publication of maps, miscellaneous computations, air- 
survey research, observatory work (astronomical, magnetic, etc.), 
the measurement of geodetic bases, principal triangulation, geodetic 
levelling, precise latitudes, longitudes, azimuths, ^avity determina- 
tions in all parts of India, and prediction of tides at 41 eastern 
ports between Suez and Singapore. 

A fascinating chapter in the history of the Survey is the explora- 
tion bv a succession of distinguished geographers 
Survey and ex- surveyors of wide tracts of Tibet and the 

Himalaya,’ though large gaps still remain in our 
knowle<lge of the geography of the central and 
eastern Himalayas. The orographic alignment and relations of 
the multitudes of ranges, peaks, passes, trade-routes, valleys, river 
systems, glaciers and lakes of the \A'eslem Himalaya, and of parts 
of Kumaon. (Jarhwal and Sikkim are now accurately know. 
In this there has been a happv and fruitful co operation extending 
over nearly a centurv. between traveUers, explorers and naturalists 
on the one side and the professional geographers of the Survey ot 
India on the other. A large accession to our geographical knowleclp 
of the least-known tracts of High Asia has resulted through the 
explorations of Sven Hedin in Western and Southern Tibet, Trans- 
Himalaya and Karakoram. Other examples are too numerous to 

<juot^o rapid! V increasing complexity of modem military 

requirements, an Air Survey branch, opened 
Air- Survey Department in 1023, carries out re- 

search on the latest methods of aerial mapping and photography. 
The methods utilized are thosse designed to produce topographical 
maps from both vertical and oblique air photographs. An Air 
Survey party has been employed on ^po^phical air sui^ejs 
princrpally on the North-West Frontier Pro%’mce- Photographs of 
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areas covering abont 8,CK)0 s<inarc miles of the Frontier are sl<»ro(l 
in the Air Survey library. These maps are a {WtentLal source of 
much geological information as yet untapped. 

About 12,000 sq. miles have been photographed from the air 
on topographical scales for survey purposes in various parts of India. 


(6) Progress of Geodesy in ImUa. 

Geodesj' serves two purposes : — 

(1) It provides a framework for the topogra pineal surveys. 

(2) It provides data for the study of geophysics. 

Geodesy — the measurement of the figure of the eartli, including 
various geophysical problems — is the science of surveying large 
tracts of the earth. Without accurate knowledge of the shape, or 
as it is generally termed, the figure, of the earth (the the 

mapping of any considerable tract of the earth's surface is iinpos* 
sible. for the positions of determined points on that surface cannot 
be defined by their latitude and longitude. 

India is particularly favourably circumstanced for the study 

. of g^esy. In the first place its triangular 

in India shape provides from the foot of the Himalaya 
to Cape Comorin over 1,700 miles stretch of 
land over one meridian. Again, the deformation of the gcoid in 
India is such that in no other part of the world has the direction 
of gravity been found to undergo such abnormal variations as 
have been discovered by the Survey of India in Northern India, 
and by the Kussian surveyors in Ferghana, north of the Pamirs. 
According to Burra rd, in no other country in the world does a 
surface of liquid at rest deviate so much from the horizotital. It 
was in India that it was discovered that a deficiency of matter 
underlies a vast pile of superficial matter, the Himniayn, that a 
chain of dense matter runs hidden underneath the Gangetic plains, 
^At seaward deflections of the pendulum, rather than towards the 
Ghats, prevail round the coasts of the Deccan. These discoveries 
led to the formation of the theory of mountain -compensation in 
about 1854 by the Rev. J. H. Pratt, an Archdeacon of Calcutta, a 
grwt mathematician, a theory which was subsequently elaborated 
and expanded into the doctrine of isostasy. This simple and 
captivating hypothesis, which has had a great vogue, particularly 
m Africa, implies a certain amount of hydrostatic balance between 
the different segments of the earth’s crust and an adjustment 
wtw^n the surface topographic relief, and the arrangement of 
density m the interior of the earth, so that if an extra load is imposed 
on any portion of the surface it must sink under it, while the 
The theory of unloaded parts must rise until equili- 

Isostaey brium is establish^. The theorj' of isostasy 
had iu birth in India, and although observations 
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of gravity and the deviation of the vertical con£mi in some measure 
the theory of isostasy in its widest sense, yet as we shall see pre- 
sently, it is receiving its most serious setback from the later more 
precise gravimetric work of the Geodetic branch of the Survey of 
India. For it is found inadec|uate to explain the large anomalies 
of gravity which exist in India even when no surface features are 
present to account for them. 

The earlier application of geodetic study in India w'as in the 
measurement of base lines and arcs of triangula* 
Review of geo- Hqjis and astronomical observations of latitude - 
India " From this data Col. George Everest calculated 

his figure of the earth in 1830. Everest's figure 
has been used for the computation of the whole of the Indian 
triangulation with much benefit on the whole, allowing for a few 
slight discrepancies of no consequence. The following remarks of 
Brigadier Sir H. Couchman regarding its use are of interest : — 

* Th« re»u)e of using Eveiv^i s >>pheroid the reference figure for com* 
puting the elements of the Imlian triangulation is India occupien on iU 
map* slightly more then ite proper shere of the earth** *urf«t‘e. In longitude, 
from Uuluchistnn to Burma, a distance of some 2,500 miles, this excess it 
ftbotit 2,500 feet. This excess will cause no embtrrAHSment until our 
neighbours carry out indeperident geodetic triangulalion a«»d mapping up to 
our common frontier where each point on the ground will then have two values 
of latitude and longitude, our own and our neighbour’s. Until there is a 
pjDspect of this, the immense labour of republishing all Indian maps on a 
convefed graticule is not worth undertaking- Siam is at present our only 
neighbour that ha* cairictl out accurate friangulation up to the Indian 
boiler, but as they have so far accepted the ItKliun value* of latitude and 
longitude for their base station, there is no discrepancy in maps-* . , . 

' 15ut whatever spheroid is use<l it U evident that it cannot absolutely 
represent the gcoid. Exce**es or <leficiencies of matter and of density nwst 
<u!itort the aeoid from any pxirely mathematical form, and it is to this dis- 
tortion. or as they are usually called separations, of the geoid frorn t he assumed 




'As it is, Indio has l)e«n free from the clifflculty experienced by many 
CO tin tries which have carrictl out detached surveys without a rigid frame wo^ 
of triangulntion. Our difficulties have been relegated to the frontiers where 
they ore clearly of Ioas importance.* * 

During tlie period covered by the review, there has i»en a 
great revival of geodetic activity in India. 
Isostasy hypo- Geodetic branch of the Survey has accu- 

thesis Inadequate ^ ^-olunie of data of the values of 

the force of gravit.v of pendulum observations and tlie direction of 
gravltv bv astronomical means. It is these data and their mte • 
pretation'to estabUsh a satisfactory correlation with surface geolog' 
tliat Lave drami attention to the if 

isostatic theorv as propounded by Hayford For ‘he sur 
features of In.lia, although a certain degree of coiui)cnsatioi i does 

I Progress of Geodeav in India. Presidential Address. National Institute 
of Sciences of India. Hyderabad. 193*. 
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txisi (i.e., underneath the great heights there is a defect of density 
and an excess under the topographic depressions), there are serious 
anomalies between the theoretical and observed values of the direc- 
tion and force of gravity which remain to be accounted for. The 
Oravimetrlc Survey has now definitely proved a <leep*seated belt 
of excess of density unden^eath the plains-^the Hidden Range of 
Burrard, running N.-W. and S.-E. of Jubbulpore from Karachi to 
Ori ssa. To the nort h and sou f h of t h is a re bel t s of <1 e feet s of d e n sity . 
This irregular variation of density is inconsistent with the isostasy, 
which postulates that underlying excesses or defects of gravity 
must be reflected in surface deeps or heights. The brilliant gravity 
measurement work carried out by Col. E. A. Glennie during the 
last few years, from a large number of stations scattered over 
Northern India, has enabled him to explain provisionally the 
numerous gravity anomalies by assuming a series of upward bulges 
or downward warps or troughs in the snb-crust which may be taken 
to be some 10 to 20 miles below the surface. These crustal warpa 
elevate or depress the denser, more basic layers of the sub-crust 
which underlie the lighter more acidic rocks of the surface crust, 
above or below their equilibrium plane. The theory (s still in 
a stage of discussion but it promises to explain the residual anomalies 
in the force of gravity that are so com'monly observed in India. 

It appears that India as a whole is an area of defective mass. 
As judged by the iDtemational formula, gravity In India is in defect 
by an amount corresponding to 600 feet of rock over an area of 
2 million square miles. 

Crustal movement and continenial Geodetic measuremonts 

can detect changes of position or level which accompany earth- 
quakes or the much vaster secular movements due to continental 
creep. In India various observations have been repeated after 
an interval of time, but the evidence of crustal movement has 
generally been negative. 

The astronomical longitude of Dehra Bun has been accurately 
determined on three occasions with the following results 


1894 

1926 

1933 


78^ 2' 56' 55 
78^ 2' 56' 25 
78* 2' 56'-70 


ion is ±0'*3, and there is 


The probable error in each determinati 
Ro suggestion of change. 

Several astronomical latitudes have been repeated at different 
No evidence of u®®®’ covering 100 years. The results have 
drift collected, but the changes shown are irre- 

, , 8^^ and provide no evidence of continental 

aim, on the postulates of Wegener’s hypothesis, to the north or 
south. On the other hand, they are not adequate to disprove a 
movement of say 50 feet in a century. 
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Kele veiling in Bihar after the 1934 earthquake revealed a 
sinkage of bencb-iuarks of between 1 and 4 feet over a large area. 
Much of this was probably due to local sinking of the structures on 
which they were marked, and it is possible that all disturbances 
were of a similar purely local character, but there is some evidence 
of a general lowering of the surface by one or two feet. 

Between 1905 and 1933 during a long series of observations 
from Mussoorie, there was no change of height noticed in four 
Himala^'an peaks which are visible from that station. 

! Geodetic work in India has a wide international appeal and 

^ has aroused much interest and curiosity in 

‘ Value of ^odetic £m.Qp^ America for the last forty years. 
f ^ ^ Its future prepress will be watched with equal 

interest by geologists and geophysicists. The preliminary gravity 
) survey is now nearly complete, but the results of the computation 
of the numerous data and their bearing on the geological stnicture 
of the countiy’ are not likely to be available for some time. So 
7 far the geodetic data are in the main in conformity with the results 
^ of geological investigations based on stratigraphic and tectonic 
^\^^work, both in Northern India and in the Peninsula. 

^ Nor is this work devoid of practical uses. Besults of practical 

\ .^alue in seismology, location of underground deposits of water, oil, 
’ 'Sciinerale and ores,' and in the solution of structural problems, viz. 
^ ^ detection of faults, etc. ^i\\ be the outcome of well -co-ordinated 
'Schemes of geological, geophysical work in selected sites. Col. 
, V Glennie has already collected data of sub soil water-levels in 
C/l alluvial areas and the obstacles to free movement of ^ound water 
^ b 5 ‘ submerged ridges of rocks, etc., while in the Punjab a gravity 
survey revealed a chain of rock buried under the alluvium running 
north-west from Delhi to the Salt Range. 


(c) Geography in the Universities. 

Educational geography has made hardly any progress in 
Indian SchooU and Universities. Educationists have been slow 
in realizing the value of geography in liberal education beyond the 
school stage. Only three or four of the Indian Universities have 
so far instituted Chairs in this subject, though there are sips of 
improvement in this direction and of other universities including 
geography among their curricula. 

Besides some smaller school and coUege as^ciations, there 
are two weU.organized Geographical Societies in 
serving a useiul purpose in awakemng the public mind to 
appreciation of the value of geography— the most ^ 

sciences. The best known are the hUdras (^ographical^sociation , 
Madras and the Calcutta Geographical Society, Calcutta. 
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I. INTRODUCTION. 

It U notoriously difficult to write history, particularly recent 
history, and it is hoped that the followii^ account of the progress 
of agricultural science in India will be judged mercifully. 
Moreover, any treatment of agricultural science means the descrip* 
tion of progress in a number of branches of pure and applied science 

( 133 ) 
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and this has made the work rather more difBcult than a similar 
treatment of a single science. On the other hand, there has been 
no lack of material and it is the embarrassment of riches which has 
been more an obstacle than any paucity of facts, ^ Inevitably, 
therefore, there vri]\ be omissions both in the work described and 
the workers mentioned and it is hoped that all these defects will be 
overlooked and the picture considered as a whole. 

The treatment of agriculture scientifically may really be said 
to have begun yvith the visit of Dr. J. A. Voelcker to India in 
188D-1801. His report, entitled ‘The Improvement of Indian 
Agriculture ' published in 1893, is a valuable source* bo ok of informa- 
tion and a datum line for estimating progress in ideas, in scientific 
discovery and in practice. The report is out of print but a few 
copies are scattered throughout certain libraries in In<lia. 

The occurrence and recurrence of famines in India had been 
the subject of the report of the Famine Commission in 1880. The 
C'ommi.ssion insisted strongly on the revival of the Department of 
Agriculture of the Government of India and on the formation in 
the provinces of Departments of Agriculture. The duties of these 
<lepartments were to be largely connected with the collection of 
experience regarding past famines and of undertaking definite and 
permanent charge of the administration of famine relief. While 
in ordinar>’ times the collection of facts relating to agriculture would 
be their routine duties, in a Government Resolution of December 
8th, 1881, the duties of a Provincial Department of Agriculture were 
briefly defined as agricultural enquiry, agricultural improvement 
and famine relief. This remained the condition of things till in 
188D the Secretary of State for India sent out Dr. Voelcker, Consult- 
ing C’hemist to the Royal Agricultural Society and as a result of 
his report and under the stimulus of Lord Curzon as Viceroy, the 
central and provincial Agricultural Departments of India in their 
present form came into being. Their aims, objecte and ^nonnel 
are described by Sly in the first number of the Agricultural Journal 
of India published in 1906. There had previously existed, since 
about 1904, an Inspector-General of Agriculture with a certam 
nucleus staff and a central body of research workers located at 
Pusa. As is described in detail in the various sections of this 
survey. this group of early workers at Pusa consisted of talented 
men who laid well and truly the foundations of agncultural research 
in India. Development in different provinces in India some- 
what unequal, but there teas progress, and in the >'ear8 1908-1914 
the Agricidtural Departments really got going. 

Then came the Great War and inevitably agncultural research 
was .slowed up. A considerable number of agricultural officers 


i Mr N V. Kanitkar, Chief Investigator, Dry Farming Research Station, 
Shoiftpur. has greatly helped me by writing parts of Section ^ Agncultural 
Chemistry ’. 
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eni^red the Armv or its attached forces and services in one capacity 
ofaiefand one of their nnmher Mr. E. B Woo.lho.usc, Econom.c 
Botanist to the Government of BengM. die<l of wouinls received in 
action on the 18th December. 1017. In his memory a VVoodhonse 
Prize for an essay on an agricultural subject is yearly awarded. 
During the ^yar, the Poona CoUege of Agri.a. turc was. with tl.e 
JSeptin of one block, turned into a War Hosp.ta for the wonndo. 
fromMesopotamia. The playing field of the Col cge was covered 
evith additional temporary buildings to help in hou.sing the very 
large number (about a thousand) of casualties that this lio.spital 
contained. The actual work of the CoUege was carried on in tlio 
block intended for the chemical work only. 

At the end of the war, there was naturally an expansion. 
Recruiting of agricultural officers was re-started and lines of work, 
which had been more or less in aheyance. were taken up again 
with enthusiasm. The period from 1919-1029 wf^ one of con- 
siderable progress. During this pencil the Royal Commission on 
Agriculture under the Chairmanship of the present ^lce^o^^ the 
^larquess of Linlithgow, visited India and its report, published m 
1928, is another landmark in India's agricultural tlevelopment. 
It has proved a most valuable r^ume of agricultural facts and a 
source of guidance for development in all <lirection8. The most 
striking result of the recommendations of tlie said Commission was 

the establishment in 1929 of the Imperial Council 
Imperial Coun- Agricultural Researches, body which has 
?ural Retwrch importance and beneficent influence 

and 18 now the great organizing and co-ordinatmg 
influence in agricultural research throughout India. Its composi- 
tion is as follows 

(1) A Governing Body presided over ex-oj^cio by the Hon’ble 
Member of the Government of India for Eklucation, Health and 
Lands, and having as members Ministers bolding the agricultural 
portfolios in the Provinces, certain Revenue Members, Diwans of 
States, a representative of the Council of State, two representatives 
of the Legislative Assembly, a representative of the Associated 
Chambers of Commerce of India, a representative of the Federation 
of Indian Chambers of Commerce and Industry, two represents* 
tives of the Advisory Board and Diw'an Bahadur Sir T. 
Vijayaragbavachary^ (a total of 29). 

(2) An Advisory Board composed mainly of Directors of Agricid- 
ture, Directors of Veterinary Services and technical experts in 
various subjects plus certain University representatives and officers 
of allied departments and certain non-official members (total 63) ; 
and 

(3) Standing Committees and Suh^Committess for various 
subjects. 

The Imperial Council of Agricultural Research is a Department 
of the Government of India, the Hon'ble Member for Education, 
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Indian Central 
Cotton Com- 
mittee 

year in Bombay. 


Health and Lands being its head. It has a Vice-Chairman, an 
Agricultural EK\)ert, an Animal Husbandry Expert, an Agricultural 
Marketing Adviser, a Secretary and an office staff. Its headquarters 
are at Xew Delhi from mid- October till mid -April and Simla 
for the rest of the year. 

So far as cotton is concerned a great stimulus was given to 
research when the Indian Central Cotlon 
Committee was formed in 1921 . This Committee, 
t^ hich is financed hy a cess of two azutas a bale 
on all cotton produced in India, meets twice a 
It has numerous sub-committees of which the 
strongest is the Agricultural Research Sub -Commit tee which deals 
with all schemes put up for financing by the main Committee, 
while the Local and Finance Sub- Commit tees meet often and carry 
on business between the six-monthly meetings of the main Com- 
mittee. It has also various other special sub -committees, of w'hich 
the Technological Sub-Committee deals w'ith that side of cotton 
research and the Technological Institute's work. Some of the 
work done under the segis of the Indian Central Cotton Committee 
is mentioned later. Cp to date the Indian Centra) Cotton 
Committee has spent over Rs. 74.00 ,000 on research and Rs. 9,33,000 
on seed distribution. 

The recently formed Indian Central Jute Committee is placing 

a similar part in the financing and guidance of 

research and we have also in India the Indian 

Lac CtM Committee and the Indian Coffee Ce4S 

Committee both of which give money for researcli 

purposes. There are certain other funds such as 

the Sassoon David Trust Fund in Bombay from w'hioh money is 

• ^ 

available for agricultural research. The research work of the 
Indian Tea Association at Tocklai in Assam is outstanding and 
has grown from small beginnings under Mann in the early years of 
this centur}’ to its present highly developed condition under 
Carpenter. 

The Imperial Council of Agricultural Research has endeavoured 
to arrange for the collaboration of the Indian Universities in branches 
of work connected with agricultural science in which they have 
special equipment or .^[wcially trained workers and to give subsidies 
for such work. Between the Agricultural Department and the 
Irrigation Dei>artment, the Forest Department and the Medical 
Department there is healthy liaison and collaboration on many 
bonier- line problems. 

Returning again to the landmarks of the past twenty- five years. 

another of these was the earthquake w'hich 
Agricultural ^;everely damaged the Pusa Research In.stitute 
in January, 1934. It was decided by the 
Government of India to rebuild the Institute on 
another site and the result is the new Institute of Agricultural 


Indian Central 
Jute, Indian Lac 
and Coffee Cess 
Committees, etc. 


Research 

tute 


Insti- 
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Research built five miles from Now I^lhi, ThisJ.as been dt;scril,o<l 
by the present VTiter in i^ature (\ol. 139, ^o, 13th 

>^rch. 1937) and was oiiened by His Excellency the \ u^roy on 
7th November, 1936. Last and greatest event of all is the new 
constitution for India, which is now fimctioniiig m the various 
Provinces. 

It has been an eventful twenty-five years ! 


n. Plant-breeding. 

The establishment of the new Agricultural Departments lu 
India took place only a ^’ea^ or two after the epocli .making re- 
discovery of Mendel’s work on the inheritance of plant characters. 
The recently recruited Economic Botanists had all received some 
training in the new science and were keen to apply it to tlie practical 
problems of plant breeding in India. At the same time they tvoro 
anxious to keep in touch witli the rapid developments which plant 
genetics was undergoing in Britain, America and the Continent of 
Europe, and hence there has been throughout the wliole twenty- five 
years a most salutary influence of pure genetics on practical plant - 
breeding and of practical pl^t- breeding on pure genetics. 

It is not to be thought that there had been no effective plant, 
breeding previous to tlus period. There have always been in the 
Agricultural I^partments men with a flair for plant selection atui 
an eye for spotting winiters. Some of the existing and still famous 
commercial varieties of Indian crops were produced in the very 
early days. One of these, for example, is the cotton 1027 A.L.F. — 
the longest.stapled indigenous Indian cotton strain, which covers 
about 3 lakhs of acres in the Gujarat Division of the Bombay 
Presidency and its associated States. The original cross from which 
1027 A.L.F. was later selected was made bv G. A. Gammie about 
1900. 


(a) Colton. 

Cotton has perhaps more than any other crop benefited from 
the work of the plant- breeders and there is no important cotton - 
growing province in India which has not, as the result of this work, 
several important improved commercial varieties which have 
greatly benefited the cultivator, the broker, the shipper and the 
manufacturer. 

In the Punjab, there has been the striking work of D. Milne 

Puajab ^ selection of improved strains in the 

American Cotton crop, for the Punjab is one of 
the places where American cottons have found a footing and are 
important. The first variety was called 4 F. Later (about 1916-17) 
285 F was also spread, while later still 289 F became and remains 
an important trade cotton. Among early Punjab* American strains, 
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bred by Trought. 43 P turned out well and is now given out for 
general cultivation. In Asiatic cottons a success has been recently 
scored by I^lohammad Afzal with Jubilee Cotton (so called because 
released in 1035) which is a cross between the Chinese cotton ‘ Million 
Dollar ' and Gossypium MollisKfni. Work is also in progress for the 
bree<Iing of a variety resistant to Jassids and for this purpose a 
<TOSS between Tang u is cotton and the variety known as U 4 is being 
studied. 


In the United Provinces, the work was begun by H. M. Leake 
and in 1916«17 the hybrid K 22 showed prospects 
of being suitable for extended cultivation. 
Among the D^ki varieties, Aligarh white* 
flowered was popular. By 1919*20 a pure race C 49 isolated 
from Cawiij>ore*A^erican was yielding well, K 22 was still to the 
fore and 5 NI, a selection from Bundelkhand cottons was giving 
good yields. Bv 1926-27 a new type C 402 was showing pro- 
mise and a shoit-stapled cotton A 19 was distributed. In 1933, 
C 520 had also been added and C 402, C 520 and A 19 had 
become the cottons distributed by the Department. Quite recently 
an exhaustive survey of the cotton grown in Rohilkhand and 
Bundelkhand has been undertaken with finance provided by the 
Indian Central Cotton Committee, and a wide range of interesting 
material secured, as the basis of future selection. 

In Madras, the cultivation of CJambodia cotton was started 
„ . at Coimbatore in 1905. The inferior cotton 

Madras , Pulichai ’ was a menace 20 years ago and was 

only got the better of by drastic legislation, within the last 6 years. 
In cottons other than Cambodia selection produced Nandyal 14 and 
Hagari 25. Co 1 (previously Cambodia 295) proved to be of excep- 
tionally high spinning value and Nandyal 14 remains an excellent 
cotton. Other Hagari cottons, such as H 25 and H 62 replaced 
Hagari 25. Karunganni 646 is a recent success in that kind ot 

cotton. XL *u 

In Bombay, there are four main cotton areas. In the soutn 
a succession of plant breeders have succeeded in 
Bombay and producing a very successful strain called Gadag I 
of the so-called Dharwar- American cotton 0. 
hirsulum (a legacy from attempts made about 1840 to introduce 
American cotton) and also a strain of the Indian cotton variety 
called ■ Kumpta ’ (O. kerbaceum). This strain is called ■ 

which means ‘ Victorious ’ and signifies that it defeated wlMdu® ” 
the soil fungus Futnrium vae-in/eclum). This was done by Kottitf , 
who crossed his previous selection (Dharwar I) and another pharwar 
II) (in 1922), the latter cotton carrying the resistance. Jaywant 
wis fixed by 1926 and had spread over 2,00.(m by 

In the Khandesh area the local very mixed Khandesh mixture 
(mainly O. negUcium) was replaced first by a roseum selection, later 
by ‘ Banilla ’ (Bani X Comilla). a cross between O. indtcum and U. 
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cemuu,,, and is likelv to be in its turn succeeded by a very- suocessfu 
rerun, selection (prljduced by Prayag), and (now called > 

which has a J' staple. In South Gujarat the already mentioned 10.; 
She dominant eotton and in North Gujarat which has nither so ero 
climatic conditions special studies are now being mac e of closc-bolle.! 
cottons suitable for ^at area. In Sind (now an independent prov - 
ince but for long a part of the Bombay Presidency) a very sucre, sful 
American select ion, Sind Sudhar, lias been evolved, w lulc an Asiatic 
selected strain 27WN surpasses in gross yield every otlier t> pe tried. 
Cotton breeding in the Central Provinces was first largely 
ilirected to tlie development of wevm rains, 
Central recent years has Ijeen more and more 

Provinces concentrated on the vtrum .suh- variety, from 
which Youngmau produced Veruni 262, and in recent years \lahU 
lias evolved a Late Verum, a V 434 and also a \ 438 suitable for 

**^*'*Under Hutchinson’s guidance and stimulus much work has 

recently been done at the Indore Institute oi 
Research Plant Industry on the genic analysis of Indian 
cottons, and on the relationships in time and spwe of Indian cottons 
to the other cotton species of the world. This is linked up with the 
cytological work of Skovsted in Trinidad. At Indore also there 
has been a considerable development of pi ant -breeding technique, 
particularly in devising methods for getting statistical significance 
from early stages of selections and crosses. 

The establishment by the Indian Central Cotton Committee 
of a Technological Laboratory in Bombay has been of the greatest 
advantage to plant -breeders as it has enabled them to get an early 
estimate of the spinning qualities of their newly evolved strains, so 
that these strains, however apparently satisfactory from the point 
of view of staple, ginning percentage, and yield, can bo discarded 
if they do not show up well in the actual production of yam. 

Very important ^vances have been made in the production 
of cotton races immune or highly resistant to wilt disease, due to 
the fungus Fusarium voe-m/ec/um. This is definitely a case where 
theory and practice have gone hand in hand to the dual goal of a 
completely immune cotton and a better understantUng of the 
nature and method of the inheritance of wilt resistance. This subject 
was a special theme of discussion at the first meeting of Scientific 
Besearch Workers on Cotton in India held in Bombay in March, 
1937, and the results of their discussions are crystallized in the 
following statement which was passed unanimously at that meeting : 

' This Conference agrees that the breeding of strains immune 
to wilt under optimum conditions is the ideal to aim at. For 
agricultural distribution resistance of the order of 95% under 
heavily infected field conditions is satisfactory, provided that the 
strain has been tested and shown to be practically homozygous for 
that degree of resistance to wilt. 
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The Conference recommends that : — 

(1 ) tests for homoz\‘gosity should be Applied before a resistant 

strain is released for distribution, 

(2) the Pathologist should also conduct tests for homo- 

zygosity a ml need only select in material shown to 
be heterozygous, and 

(3) the conditions under which field tests are being carried 

out should be descnl>ed and standardised as far as is 
pra cticable.' 


(h) H'Aeut. 

Another crop on wliich a great deal of work has been done is 
wheat- The early work on this subject was done by Sir Albert 
Howard and the late Mrs. Gabrielle Howard. These two workers 
had in a very higii degree the ability to select in the field plants 
that afterwards proved exceedingly useful and the range of Pus a 
w' heats so evolved is a long one. Most of them have been fully 
described in the Jlemoiu of tht Dtparfmtnt of Agriculture (Botanical 
Series), and several of them have spread outside India and have 
been found useful, particularly in Australia. The best known and 
most widely spread varieties in India are Pusa 4, Pusa 12 
and Pusa 52, Of wheat strains produced in recent years Pusa 111 
has been pronounced equal in quality to the best Canadian wheat 
and Pusa 114 has proved successful on the Lloyd Barrage lands in 
Sind on account of its disease resistance and quality. In Sind itself 
the local plant breeders have produced HSVV 111 and CPh 47 
both very suitable for that province. In recent years crosses 
between Federation and Pusa 4 and Federation and Pusa 52 have 
been promising, Wheat breeding was also carried on vigorously 
in the Punjab ( India \s premier wheat growing province) by D. Milne 
and his successors with the result that the Punjab has now a range 
of characteristic and useful wheat varieties produced in that 
province. Some of the early successes were Punjab 1 1 and selection 
8 A the latter still a verv widelv grown wheat. Recent research 
hass now enabled the Punjab Agricultural Dei^rtment to offer Cross 
318 a high- Yielding wheat for rich land and good water sujjply 
and Type 9D for poor land, poor irrigation and late sowing. Cross 
591 is another recent success. It has an attractive gram and makes 

excellent ‘ Chapatis , j l 

In Bombay, wheat breeding work started rather later and has 

been conc-erned! niainlv with the durum wheats. The worker^ were 
Chibber, Bhide and Kadam. This work was first done Poona, 
but later shifted to Xiphad in the centre of the Nasik-Khandesh 
wheat area. Strains 162, 168 and 224 

Hybrids between the local Baasi wheat and Khapli {TrUtcutn 
diococum). now caUed the ‘ Bansipalli * wheats, have given good 
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vielOs along with considerable r«st resistance. Of these the best 
known is 808, an early maturing strain. , i 

In the Central Provinces plant breeder.^ have producetl the 
‘ Sherbati ’ wheat strains A 113 and A llo, and the latter has also 
been crossed x>'ith Australian and Palestine wheats giving some 
fairlv rust-resistant strains suitable for the north of the province. 

As in all countries where wheat exists, the problem of wheat 
rust due to various species of the fungus Fueanta 
Wheat Rust present and from time to time nente. 

India is fortunate In possessing one very highly resistant wheat 
species, viz., Tritkum diococatm, known in Imbau languages as 
• kbapli and this has been used as a parent in many of the crosses 
that have been made to introduce rust -resist a nee into Indian 
wheats. The problem of rust-re-sistanco U, however, a very complex 
one, since not onlv are we dealing with three cliffercnt species of rust 
(P. graminis, P. giumorum, and P. triticin/t) but it has been shown 
that in each of these there are physiologic races w'hich resemble one 
another in external characters but differ in the wheat varieties or 
strains which they will attack. In America, the work of Stakman 
and others has shown that there are over 150 ph\'siologic races there 
of the black rust Puccinia graminu. In India so far only 6 have 
been identified with certainty but even these present a very con- 
siderable problem. The Imperial Council of Agricultural Research 
has for the last eight years been subsidizing a comprehensive research 
on the question of rust distribution and rust -res {stance in India. 
This has been in the hands of K. C. Mehta. Professor of Botany, 
University of Agra and bis staff and the results up to date have been 
instructive. The main conclusion is that the persistence of rust from 
year to year is not due to the barberry but to the oversummering 
of the disease on volunteer and early-sown wheat in hill areas 
throughout India. Certain infection foci have been located and 
their responsibility for outbreaks in the plains traced by means 
of wind charts. Wheat breeding, with the special aim of producing 
mst-resistant varieties, particularly for tbe bills, is in the bands of 
B. P. Pal of the Imperial Agricultural Research Institute. 


(c) Piee. 

Probably the most important food crop throughout the greater 
pw of India is rice, and it Is natural that the attention of the 
Economic Botanists in the rice-growing provinces should have been 
early devoted to this important cereal. Hector in Bengal, Pam el I in 
Madras, Bhide in Bombay and many others laid the foundation 
of the production of important and useful varieties and also 
contributed largely to our knowledge of rice genetics. Inherit- 
ance of colour, of awn peculiarities, of habit and of various other 
characters have been thoroughly studied and these results linked 
up with what has been done in various other rioe-growing countries 
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such as Japan, the United States of America and the Philippines 
have produced a great body of knowle<^e of both theoretical and 
practical importance. At the present moment rice research is 
being carried on with more vigour than ever largely due to the fact 
that the Imperial Council of Agricultural Research is subsidizii^ 
a chain of rice research stations throughout India. These are located 
at Bankura, Suri and Chinsura in Bengal, Berhampore In Orissa, 
Sabour, Gaya, Kanke and Cuttack In Bihar, Nagina in the United 
Provinces, Raipur in the Central Provinces and Habiganj in Assam. 

The number of rice varieties cultivated in India is legion, and 
out of these there have l>een produced by selection and hybridiza. 
tion many more. Systems of classification of rice varieties have at 
various time.s been attempted. The question, however, is now in 
process of solution by a more scientific method, largely d\je to the 
suggestions of Hutchinson (who loft India for Trinidad in 1937). 
What is now being attempted is not a taxonomic classification in 
the old style but a study of variability in the species and the drawing 
up of a schedule for description with appropriate colour charts. A 
special sub-committee of the Imperial Council of Agricultural 
Research has been dealing «ith this question in rice and another 


in cotton. 

In the United Provinces success has recently been attained 
by R. L. Sethi In evolving a rice strain immune to the attack of 
the rice fly {LeptotoriM varkornU) by breeding into a good-quality 
rice the morphological character of a * flag ’ (sheathing loaf) which 
continues to enclose the earhead during its existence- In Bombay 
tlie earlie.st success was a variety known as Kolamba 42 suitable 
for the central rice -growing areas. For the southern districts 
variotjs other rices have been evolved. In Bengal various improved 
strains were an early result of the DeparJmenfs activities and also 
i n Ma<lr<i s . I n t lie la 1 1 e r place t lie a p pi icat ion of X • rays ha s recently 
given some remarkable mutants and c^'tological studies are being 
combined with a breeding programme. . , . 

Wild rice has alwavs been a problem, as it hybndizes e^tly 
with cultivated rice and transmits to the progeny its evil habit ot 
ear -shattering and dropping its seeds in the mud. Attempts 
deal with this bv breeding have been carried out in many provinces. 
The Central Provinces lias done it by breeding colour into 
rices for dietricts where wild rice is a pest, so that the wild (non- 
coloured) rice can be rogued out in the sealing stage. 

To criticise programmes, to study results and to help '« 
policy, there is a Standing Rice Committ« of the Conned 

of Agricultural Research which has had a j 

influence not only in co-ordinating research work but also m n»k.ng 
sure that research work takes account of the needs of the cultivato 

and politically separated but until last year a part 

of India, the work on rice has also been earned on by a succession 
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of able boUnists (the most recent being Grant) and in Burma atten- 
tion has been directed, amongst other things, to the production ol 
varieties suitable for the Englisli market and able to conii^te «itli 
the Spanish types which are popular there. This proiilem lias Iweii 
solved through hybridization, the well-known American varictv 
Blue Rose biving proved a useful parent. 


(</) MilUts. 

Of great importance to In^^a as food for both man and l)caHt 
are the miUets, of which the grain is used for human food and the 
straw is the nxain sustenance of cattle. The most important millet 
is that which is known over the greater part of India as jowar and in 
Mailras as cholam {SorghuM vuigart). There exiM an enormous 
number of well-marked races of sorghum and. within some of these, 
fitraightforward selection has given excellent results so that in 
various provinces varieties with a departmental name are now dis- 
tributed as part of the provincial programme. Such arc Budh 
Perio 53 in the Surat District of the Bombay President y. EBI 
and 123A in the Central Provinces and J « in the Punjab- There 
is a Millet Specialist in Madras whose stutlies in the inheritnneo of 
various characters in sorghum have been a feature of various 
scientific journals in the past five years, and whose plant breeding 
work is shown by the distribution of many improved strains, e.g.. 
all the AS strains. In the Punjab a Fodder Specialist looks after 
jotvar AS a fodder plant along with other species. 

Another important millet is bajri or bajra {Ptnnisetuw tfjpkoi- 
deum) sometimes referred to as the ' pearl millet ^ outside India — a 
crop adapted to poor soils and low rainfall and giving a nutritious 
grain and a useful straw. This crop is very markedly cross- 
fertilized due to the fact that the stigmas emerge before the anthers 
and hence it offers a rather difficult problem to the breeder. The 
evolution of new varieties has been undertaken in Bombay and 
Madras. Ragi [EUusine coracana) is one of those poor millet.^ not 
far removed ftom the wild grasses and grown mainly on poor hill 
lands in heavy rainfall areas. In hh'sore. Madras and Bombay its 
breeding has been carried on, and also studies made in its genetics. 


(e) Oilseeds. 

Various oilseeds have received a fair amount of attention from 
plant -breeders, Groundnut is not indigenous to India. It was 
introduced years but spread with great rapidity. The total 
area under groundnut in India now amounts to 7,211.000 acres, 
Madras having by far the greatest area, viz. : 3,427,000 acres, 
Bombay (includi^ Indian States) coming next with 1.752,000 
acres. Various types of groundnuts have been from time to time 
introduced but a systematic attempt to improve groundnut by 
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breeding is of comparatively recent date and has been finally con» 
cent rated in a scheme of groundnut improvement financed by the 
Imperial Council of Agricultural Research and located in Sladras, 
In Maciras tlie improved variety AH 25 was distributed for the first 
time in 1935. It is drought -resistant and yields 15 to 20% more 
than the local spreading varieties. Interspecific hybridization has 
been carried oiit between ArtichU hypcgea (the commonly cultivated 
groundnut) and A. y<itnbyqtiar(e and A. Bosferiro, two Brazilian 
wild species. 

Another important oilseed in India is coslor. Work on the 
selection of castor was undertaken in Bombay by Burns andMasur 
about 1922. Stating from a range of varieties, which were known 
to be commercially suitable as regards size and colour of seed, an 
attempt was made to select varieties for yield and for oil -content. 
This has resulted in the evolution of one or two definitely improved 
types. Recently, however, this type of work has been put on a 
firmer basis by a grant from the Imperial Council of Agricultural 
Research and is now located in the main castor-producing area of 
India, viz., Hyderabad State. There is an Oil -seeds Specialist in 
Madras who also deals with this crop and has evolved high-yielding 
lines and done a botanical classification of castor. 

In the Punjab, there are several specie.^ of Bras^ica all of which 
are important as oil -seeds and also in the rotation programme of 
Punjab agriculture. These are Rai (Broisica juncea) Saratm {B. 
campaatria var. SaTa<fn) Toria (B. Napua var. dxchctoma). They 
offer an extremely difficult set of problems. It is quite probable 
that some of these species are not valid and it is necessary to 
determine the real genetic groups, and, thereafter, intra-varietal 
variability. The matter is complicated by wide-spread self-sterility, 
though the Punjab plant breeders have been able to produce one 
or two self-fertile races. 


(/) Svgarcana, 

No discussion on plant-breeding in India would be complete 
without a reference to what is perhaps the most spectacular work 
of all viz., the production of new sugarcane varieties centred at 
the Sugarcane Breeding Station at Coimbatore. This station was 
started by Barber in 1912 and has been carried on since his 
departure from India by T. S. Venkatraman, Impenal Sugarcane 
Expert. From this sUtion there has issued a continuous 
of new varieties of so-called ‘ Co ’(^Coimbatore) varieties which 
are now vridely known throughout all countnw where sugarcane is 
grown. There is now, we may say with truth, a Co 
for every situation in India where sugarcane will ^w. 
has not* only produced these important practical results but has 
Seen a discovery. There ^s in th. first instance 

the finding out of how sugarcane could U crossed 
seedlings produced. In the course of such crossing certain wild 
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species of cane have been as parents in to brin^ In 

toughness of constitntioa and resistAUce to disease. The stmlv ol 
these ^rild species has revealed among them an astonisluu" range 
of forms. Xot only has sugarcane been cros-^ed witfi its a*j|d 
relatives but it has also l>eeu crossed with sorghum and m tho 
past vear with bamboo ! The ^ngjircane-sorgliuin fiybrjrls have 
liTon a series of types with their own peculiar cliaractcrHeics. 
What will come out of the .sugarcane -bvmboo cross .still nuuains to 
be seen. Associated with this work is an intensive study of the 
cytology of sugarcane sj)ecies and liybrids and of the sugarcane- 
sorghum and .sugarcane-lwmboo hybrids^ and these .studic.s have 
given imj>ortant iivlicalions us to the evolution of ni vny forms. 


(^) MisetUuneous, 


It is impossible to deal fully all the various crops which liave 
been harullefi by the breeders, but two ina>' l)c 
Chilly mentioned in conchn'ion as these have offered a 

considerable amount of iutorcsting scientific data. Tho first of 
these is the * chilly \ CQpJticu>Hfnitf$coi4, in which species the inlierit- 
ance of characters was specially studied by tlie late F. J. F. Shaw 
and by R. B. Deshpande at Pusa. Some of the interesting results 
obtained from this work are: (1) tbat the purple colour of tho 
plant is due to two factors one of which is a basal character and the 
other an inteiuifier ; (2) that the pendent condition of the fruit is 
domiaant to the erect, and that in a plant hetero 2 ygous for tliis 
character variations in fruit position may occur on the same plant ; 
(3) that the length of fruit is probably inherited on a triliybrid basis 
and thickness of fruit on a mono-hybrid basis, and (4) tlie F| shows 
heterosis in several characters. 

The other scientifically interesting crop is Sann hemp {Crot<ilaria 
- „ jioKta), the breeding of which had to be taken 

^ up In Bombay by B. N. Uppal in order to get a 
variety resistant to wilt which was beginning to be a serious pest 
in the canal districts of the Deccan. Since Sann hemp is the 
main green-manuring crop for sugarcane in the Deccan, such a 
disease constituted a real menace to cultivation. This crop offers 
peculiar difficulties in obtaining self -fertilized seed, lu nature it is 
normally cross-fertilized by very large solitary bees and a special 
technique had to be invented in order to obtain self-fertilized seed. 

The early work on potatoes of the Agricultural Departments 

Potatoes devoted mainly to isease problems, includ- 

ing storage rota. Breeding started when the 
Imperial Council of Agricultural Research in 1933 and 1935 financed 
schemes for Madras and Northern India respectively. A valuable 
coUection of S. American species of Solanum has been built up with 
the aid of the Imperial Bureau of Riant Genetics and research 
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workers in the U.S.A, and the U.S.S.R. and these species will be 
used as source of new genes for the improvement of tfie Indian 
crop. 


Looking back over the twenty -five years, one can recognize : 
( 1 ) an early period of rapid successes due to the wealth of unselected 
material available to plant -breeders ; (2) along with this the first 
gropinp*^ townr<l< the interpretation of inheritance phenomena by 
appinng the knowledge then available concerning genetics ; (3) 
a period whei\ marked iiU|>rovement particularly in yield was 
difficult to get and when knowledge of genetics was growing ; and 
(4-1 a second period of rapid progress due to the greater applicability 
of modern genetical knowledge and lioUIer conceptions of what 
could be obtained In* l>ringing In new genes from liistantly related 
and often wild species. 

III. Plant Diseases dub to Fungi. 

Mycology as a sc |w rate science was fairly well established in 
Europe twenty -five years ago and then* was at least a very con- 
siderable foundation of knowletige and technique for starting 
myco logical work in Iiulia. For a long time, however, effective 
mycological investigation was more or loss confined to the Piisa 
Heseiircli Institute and it was only a good deal later that the 
provinces provi<led themselves with se|)arate mycologists. In tlic 
early days, the Economic Botanist in each province was responsible 
for practically ever^dhing connected with crop plants outside their 
purelv agricultural aspect. The wTiter of this note, for example, 
in his early service, dealt not only with economic botany in its 
narrower sense but also with plant -breeding, horticulture and 
mycology, in addition to being Professor of Botany at the 
College of Agriculture. Poona. In the same De|>artment (Bombay 
Department of Agriculture) in addition to the Economic Botanist, 
there aro now a Horticulturist, a Plant Pathologist and a Crop 
Botanist, numerous cotton breeders and one or two other special 
plant- breeding appointments such as a tol>acco breeder. The first 
province to hsive a mycologist of its own was Madras wliere McRae 
l)egan separate mycological work in 1909-10. 

At the Central Institute at Pusa E. J. Butler was appointed 
as Imperial Mvcologist and he laid most truly the foundations of 
mvcological research in India. He mode a very complete collec- 
tion of fungi from the whole of India. identifie<l these and made 
readily accessible information regarding them. He prodviced ai\ 
important work * Fungi and Disease in India ’ which has been 
and is a standard work on this subject. With unerring eye he 
picked out the \ri\t diseases of certain crops such as cotton, 
indigo, pigeon- pea and gram for special study and the work 
which he began on these has been carrie<l to practical aaccess 
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rSS these has1.ec.ome so estalj^^ishocl that ,. has „„u- ...cse. o 
be a roallv threatening <Usoasc of sugarcaiv* I'l 

important ‘.lisease to which he gave a great .lea «f « 
oarlv days was tlie coconut palm (Usoasc m the (.odwnn ). Ujk 
T his work was Later Ulten over and «»mcd to a suci-osaful cmK luMcm 
bv McRae. The catisal fungus was Phy/nphthora }\ 

atucketl most severely tl»e paliu>Ta palm 

the coconut [Cocw nucifera) less and the arwa p«dm {Ar^cu caf<chn) 
least, while tlie wild date palm (Phcenix syli^Ht ns) was iminmu^ 
The disease took the form of a budroi and accfiiding t 
McRae was spread by tappers and by tlie rhinocero>J>oot e (On/rk 
rhinoceros). Control measures consistwl iu cutting on and Imnnng 
the tops of diseased palms and the application of Bordeaux mixture 
to the leaf sheaths mthiu a 25-yanl ra<Uus of a diseased palm. A 
campaign on these lines was decidedly successful- 

Tweuty-five years ago, the first inyestigation of Test Bligdits 
was done by ButW and McRae. In .Mysore L. Colotuuu Iiad 
already begun his important M*ork on tlic <iiscases of tlic arcca 
l>alm and published it as Bulletin No. '2 of tlio Mysore Mvcologivn 
Series. Koleroga is due to tlie fungus Phi/fophfhora onouvora and 
its life ‘hi story and treatment were >yorked out by C'olcinun and tlic 
treatment applied with suct'eaa in Mysore and also in llic iu*ighlK)ur- 
ing parts of the Madras and Boiul>ay Presidencies. Koleroga is 
still with us and Is not yet ooinplotely under control in some fti*eas 
but this is more to deficiencies in propagaiula. personnel and 
material than to lack of knowledge as to how to deal with the pest . 
At the same time there art certain gaps in our know'ledgo and thc-se 
are now being filled by a specially financed research applie<l to this 
end under tlie control of the Plant Pathologist to the Govormnont of 
Bombay (B- N. Uppal). Butler. In the course of his work in 1911- 
12 made a most important discovery that paddy affected by the 
disease called Ufra had alwaj's present in it an eel worm (J’y/cnc/ius 
anguetne) and in later j'ears he established that this eelworm was 
the real cause of the disease and deWsed methods for its treatment. 
Tile eelworm is amazingly resistant, being able to live at least $ 
mouths if fully driod and 2 months if fully immersed in water. 

Groundnut in its early years used to suffer a great deal from 
the so-called Tikka cBsease due to Ctreospora species. This caused 
a great decline in the crop between 1894 and 1902 but by 1911-12 
the disease had practically disappeared in Bombay due to the 
introduction of new varieties. Another soil fungus, Bhtzocioniat 
received attention from Shaw and the work on it was published as 
Botanical Memoir, Vol. 7, No. 4, 1914-15. The powdery and 
downy mildews of the grape vine received special attention in the 
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Bombay Presidency from Bums. The us© of Bordeaux mixture 
^ith soap tiien started by him, rapidly became a standard pro. 
cediire in the Xasik grape gardens until partially superseded by 
sulphur dusting due to Ui>pirs work in recent years. 

As late as 1915.16 tliere were onlv fire mycologists working 
in India, two of whom were located at ‘Pusa, one under the Indian 
Tea Association, one at Mysore and one in Madras. At that time 
tlie Second Mycologist in Pusa was the late F. J. F. Sliaw wiio 
wAs^ responsible for much of the early work on Rhxzocionia. In 
1015-16 G. S. Kiilkarni (now retired) then Assistant Mycologist of 
the Bombay Department completed a detailed study of the smuts 
of Jowar (sorghum) in Bomlwy. Tiie.se smuts are Sphacdotkeca 
^orghi, 8. crutnUi, UatiUigo rtiliana {Soroaporium reilianum) and 
Tohjposponum Jjliferum. He started the copper sulphate treat* 
meat of .seed which held the field until the more rocentlv developed 
cheaper aiul less troublesome m©tiio<l of rubbing tfie seed in powdered 
sulphur replaced it. All the sorghum smuts are not amenal)lo 
to tliis treatment but fortunately the two that are wlely spread and 
serious (due to Sphfxcaloiheca aorgki and S. ertunia) are completely 
mastered by the sulphur treatment. 

A disease of rubl)cr known as the Black Thread disease was 
studied by Shaw, D.istur and McRae. The causil organism was 
finally determined as PAgtopAtAom mea(/n\ n.sp. by McKae (1017). 
As remedial measures Dastur recommended thinning out thickly 
planted trees, removal of dLseasod fruits and cessation of tapping 
of diseased trees. In Travancore, McRae and Sundaraman fourvl 
that rot of the renewing bark could be checked by smearing the 
affected parts with a mixture of tar and tallow. Potato diseases 
(particularly storage rots) came in for a good deal of attention in 
Bombay from Ajrekar and Kulkami during the war when the 
normal supplies of Italian seed potatoes were stopped. The most 
common rot .fungi were two species of Fu^arium, Sclero/tum ro//sii, 
and another species of Sderofium. 

Other mycological investigations at Pusa wore the various 
diseases of apple trees in Kumaon, a sclerotial fungus attacking the 
Rangoon bean, the mildew (Etyaiphe Fdygoni) attacking the opium 
poppy in Central India, wilt disease in rahar {Cajanua indiata) and 
root- rot of tho sal tree {Shorta rohuata). Up to 19 18*19 Madras 
still continued to be the only province with a mycologist. The 
proposals for appointments in the United Provinces, Central 
Provinces and Bombay were then under consideration. A sectional 
meeting of mycological workers in India held at Pusa in February, 
1919 called attention to the neglect of mycological science in Indian 
Universities and emphasized the importance of the subject in India. 
On the recommendation of the same meeting, the Government of 
India agreed to participate in the Scheme for the establishment of 
an Imperial Bureau of Mycology in England and to contribute 
a sum towards its upkeep. 
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A rice disease kuo^vii as Blast caused b\* FiriruUirift orux<v was 
studied bv MoBae and an account published in the AgncuUuml 
Journal of India, Vol 14, Part 1. 1010. A diseas<* of jute known 
as Black Band due to Diplodia Corchori Svd. enjiat'ed the attention 
of Shaw. Second Imperial Mycologist. In 1010.20 tho study of 
species allied to Hthninthosporinm w'as taken up at Push. Titeso 
arc found comnionlv attacking maize, jowar. bajra. rice, wheat 
and oats, barley and sugarcane. This Is one of tfie fungi in which 
it was found there was no specialisation us regards lio.<ts. Smut 
on ragi (EUu9\nt contcana) cnlle<i for serious notice in Mysore for 
the first time iu 1921-22. In that year also the first direct and 
oonclusiv© evidence was obtained that the .'*pike iliseaso of the 
Sandalwood tree is carried from treoto tree tlirough mot connectioas. 

In 1923-24, work on tho identity on the fungus causing stem 
rot in jute was brouglit to a conclusion. The ft mg us which ha<l 
been identified in Japan as Macrophema corchori appears to be 
identical with that which has been worked within this country 
Rhizoctemia 9olani. The incidence of this di^-eas© has l>ecn found 
to he largely dependent on the amount of potash available in the 
soil. 

The Tinis disease of sugarcane knowm as mosaic drew attention 
about 1925*26 and this work has lieen continued and incre<^e<i. 
Special research on sugarcane diseases is now fi minced by tlie 
Imperial Council of Agricultural Research and a great proportion 
of this work is done on the mosaic disease. Virus dise ises generally 
are also the subject of a subsidy by the lm]X‘rial Council of .Agricul- 
tural Research and this work is in charge of B. N. Ujipal. Plant 
Pathologist to the Government of Bombay. 

The very important and liighly cultivated pan — betel vine — 
{Piper befit) is subject to various fungus diseases ii'hich have been 
investigated in Bombay, the Central Provincos. Bengal and Burma. 
The plants wilt and die due to one or more soil fungi and of these 
Phgiophihora paralitica is one. Good drainage is the first essential 
for overcoming tins disease and in Ba&sein (Bombay Presidency) 
the treatment of the roots with Bordeaux mixture was successful. 

The very important rust disease of wheat has always received 
attention both at the Centre and in the Proidnces, Bullet in No. 1 
of tho Imperial Department of Agriculture by Butler was entitled 
‘ The Indian Wheat Rust Problem * and in 1906 Butler and Ha>iuan 
published a much fuller account in a memoir. The following year 
Butler published an interesting jjaper. Observations on the suscep- 
tibility or resistance of wheat have always been carried out at Pusa 
and there was some early work in Bombay by Burns on the method 
of carryover of rust from one year to another by the so-callcd 
volunteer wheat, i.e., stray planU growing in the off-season. The 
Imperial Council of Agricultural Research has since 1930 financed 
an important work under K. C. Mehta on the study of wheat rust 
and Its dissemination (see also Plant Breeding, Section II). 
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III 1029*30 a new Bunt of wheat {Tilletia iWico) was discovered 
by Mitra in the Punjab. A simplified hot water treatment for the 
control of loo^^e smut was successful in the Punjab in preventing 
tills disease. A later development of this treatment received the 
Sir Ganga-Pam-Mayuanl Prize of Rs. 3,000 in 1937. This method 
is the invention of Professor Jai Chand Luthra of the Lyallpur 
Agricultural College. 

The disease or group of diseases of cotton kno^^‘n as root* 
rots have been recently under study in re.^earohes financed by the 
Indian Central Cotton Committee. In Gujerat, LIkhite'a results 
indicate that the affected cotton roots contain the organisms 
Mucfophoniina pkn-stoli, Sernas and some Fusaria, In the Punjab, 
oil the other hand. Vasudeva's work indicates that the rot there is 
due to Ehizocloniti bataticola and R. solani acting together, their 
activity increising in proportion to the amount of irrigation, while 
they are harmles.s to the cotton crop grown under rainfed conditions. 

In Bombay a curious disease of cotton to which has provisionally 
been given the name of Small Leaf disease by which the ivhole or 
part of the plant is stunted^ the leaves are reduced and sterility 
ensues, >vas examined. There was some evidence that the disease 
wa.s due to a virus but research was discontinued as it did not 
appear to bo of sufficient commercial importance for further 
expenditure. 

Diseases of citrus have received attention In Bombay from 
Uppal and his colleagues. They have found that gummosis of 
citrus there is due to Phytopkthora palmh'ora (the first time this 
fungus has l>een recorded as causing gummosis and brown rot of 
citrus). They have also discovered a Fusariura apparently 
responsible for a dieback of the mosambi orange. It may he 
mentioned in parenthesis that dieback may be due to a number of 
causes, some physiological, others due to organisms and no certain 
remedy can be recommemled for any case of dieback till tlie cause 
or causes are better known. Diseases of citrus were also .studied in 
the Punjab bv Chaudhuri in 1930-35 (an inrestigatiou financed by 
the Imperial Council of Agricultural Research). These included 
withcr-tip anthracnose (caused by Colkiofrichium gio^o^^ponoidts), 
chlorosis and diseases due to saprophiiic moulds. Borileaiix 
mixture with ferrous sulphate as a .sticker proved a useful treatmeut. 

Plant diseases due to bacteria began to he investigated in 1909 
by the Imperial Agricultural Bacteriologist at Pusa incjiuling 
bacterial diseases of wheat, poppy and citrus. 

In 191-1 there was pas.socl the Destructive Insects and Posts 
\ct controlling the import into British India of living plants 
iikelv to bring in diseas<*s or posts. In 1917-lS, there was passed 
an order under the Destructive Insects and Pests Act by which no 
plant could be importetl into British Lwlia through the letter 
or sample post and the importation of plants other than fruit 
and vegetables intended for consumption, potatoes and sugarcane 
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lumilus from 1 1.0 host root. a«cl is working towards the dovolop- 
ment of resistant strains. TI.ero is alrca.ly o.w 
in Bombay, called Bilicliipan. which I'"" •^ . f 
resistance. At Coimbatore in Madras Prcsidencx tlie Millet 
SpecWist is tkho studying the resist aoce problem. 


IV. INSECT Pests of Crop Plan*xs. 

Taxonomic work in Entomology had l)ccn J^rned c>n by the 
officers in charge of the EutomologicAl Section of the Indian Mu^um 
since the foundation of the Museum in lJ<6G. but it was not till 
about 1888 that the Government of Imlia.recogiuimg the import anw 
of the studv of various crop pests. arrange<l with the Trustees ot 
the Indian Museum for the <letermiuation of various pests by the 
Entomologists attached to the Indian Museum. As a result, two 
parts of a publication ©ntitle<l * Notes on Economic Entomology 
were publisiied by tlie Trustees of the liuUan Museum under the 
editorship of E. C. Cotes. In tlie naino of tho publication 
was changed to * IrnUan Museum Notes’. This was publishod 
at irregular intervals under the authority of tho Government of 
India, Revenue and Agriculture Department, and issued by the 
Trustees of the Indian Museum. Five complete ^•oluluos and the 
first number of Vol. VI of this serial %vere published up to 1903. 
The last number of Vol. V was issue<l under the editorship of 
Lionel de Nic4ville who was appointed Entomologist to the 
Government of IncUa on lOtU Jauuan', 19tU, and attached to the 
Indian Jlusexim. On the establishment of the Imj>erial Agricultural 
Institute at Pusa in ItKH, the post of the Entomologist to the 
Government of India was transferred to the new Institute and his 
designation was changed to * Imperial Entomologist’. With this 
change, the publication of the * Indian Museum Notes ’ was dis- 
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continued and the work in reference to the Indian insect pests was 
also transferred to Pusa. 

Maxwell-Lefroy started work iu India in 19o2. He was first 
stationed at J>urat In the Bombay Presidency for work on cotton 
pests, and in 1904 was transferr^ to Pnsa'as the first Imperial 
Entomologist in the newly started Imperial Agricultural Research 
Institute. In addition to many papers and memoirs he produced 
two important books. The earlier one was largely practical and 
was entitled * Indian Insect Pests The second was a comprehen- 
sive description of all the Important kno>vn insects of India^ under 
the title * Indian Insect Life *. This is still a standard work. A 
somewhat similar publication entitled ‘ Some South Indian Insects * 
was later produced by Bainbrigge Fletcher, Government Entomo- 
logist in Jladras (who later succeeded Max well -Lefroy as Imperial 
Entomologist at Pusa). Just as in mycology, the provinces were 
mucli later than Pusa iu ap|)ointing Entomological Specialists, 
Madras making its first appointment in 1912. The Punjab appoint- 
ed an Entomologist In 1919 and the United Provinces in 1922. 
In Bombay entomology has been carried on in some form or other 
since Maxwell Lefroy s time, and the Poona College of Agricul- 
ture has at present a Professor of Entomology who is the head- 
quarters expert. Early work iu India naturally consisted in 
collection ami classification. This was started by Maxw'e)l-Le&oy. 
and has been continued by all the Imperial Entomologists since 
his time w*itb the result that the Imperial Agricultural Research 
Institute (New Delhi) now has a large, representative and well- 
cared -for collection. 

The rearing of insects (e.specially those affecting crops) and 
the study of their life -I li stories went on hand in hand with classifica- 
tion and have been the .subject of many illustrated papers and 
memoirs, a large number of these in recent years, coining from H. S. 
Pruthi (the present Imperial Entomologist) and his staff. Finaliy, 
the devising of control measures has h^n the necessary and logical 
outcome of these scientific studies. A short account will now be 
given of progress made in the last twenty-fi^•e j*ears in connection 
with certain types of insects. 


(a) LocusU. 

The locust sj)ecies which threatens India is the Desert Locust, 
Schi/iiocerca gregfiri^. and in the last quarter-century there have 
been serious invasions in the years 1912, 1913. 1920, 1930 and 1935. 

A discover}' of fundamental importance duo to Uvarov is that 
the Desert Locust exists in two phases— solitary {sofilaria) and the 
swarming {gregaria). For years it may exist in the solitary stage, 
but wlien .conditions favour its rapid multiplication, it changes into 
the swarming phase, and is then different in colour, body propor- 
tions and habits. It is in this phase that it is seized with that 



BVRN'S : AGBICVLTURe. 


restlessness tl.at sends it in colossal s«-anns aciws onortuons Uis. 
tances to be a dreadful visitation to man and l.is crops. At its 
15th meeting held in December, 1929, the D,mrd of Agricult.no 
recommended (1) the establishment of a Locust Intolligonce 
Bureau, (2) investigations on locust control moasiiros. (i) a suney 
of the permanent breeding grounds in India, and (4) investigations 
into the bionomics of the Desert Locust. 

In the eight years that have passed since then all these recom- 
mendations have been carried out. A Standing Committoo of the 
Imperial Council of Agricultural Research was formed to deal witli 
the locust question, and funds liberally .supplied by the Imperial 
Council of Agricultural Rc.search, the siwcial Locust Iloscarch 
Staff costing Rs.i>d3.333 during tho seven years hoginmng 
December. 1930. the Central Locust Bureau costing Rs.30,#4O 
and the Punjab Research Scheme on the biology and bionomics of 
the Desert locust costing Rs.37,SI7. 

The special Locust Research Staff under the Locust Research 
Entomologist (Ramchandra Rao) has it.s hoaciquartor.s in Karachi, 
with outposts in the deserts of Sind, Baluchistan and Rajputana. 
At all these places intensive surveys have been made and continuous 
meteorological data collected. The ecology of the Desert Locust 
has been closely studied. The locust is sensitive to changes in its 
environment, but most of all to rainfall. Breeding occurs only 
when rain brings about the required degree of wetness in tho desert 
soil. There is strong evidence that the seasonal ap|)caraucu of 
locusts of the solitary type on different brooding grounds Is due to 
their migration from one rainfall zone to another witli tho change 
of tho seasons. 

The work at the Punjab Agricultural College the (Jovernment 
Eutomologist there (M. Afsal Husain) on biology and bionomics 
has yield^ interesting results especially as rega^s factors respon- 
sible for the development of the grtgaria coloration in hoppers. 
Soliiaria hoppers when reared crowded assume gregaria coloration, 
and vice versa. Isolated soli tar ia hoppers, when matlo to undergo 
muscular exercise, or reared in an atmosphere containing an excess 
of carbon dioxide, assume gregaria coloration. It has also been 
found that locust eggs remain un hatched and retain their viability' 
for a long period if the soil is deffeieut in moisture, oven if tho 
temperature is favourable. 

There were two serious locust visitations one in 1881-84 and 
one in 1902-04 of another species of locust, i.e.. the Bombay Locust 
{Paianga stU4iincia). Max well- Lefroy and the Bombay Government 
Agricultural Department handled the 1902-04 attack and there 
has never been a recurrence. 

(h) Cotton Pests. 

Insects attacking cotton have always received a good deal of 
attention and the Indian Central Cotton Committee has spent a 
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^at deal of money on the financing of research and propaganda 
schemes in connection with such pests. Tlie Spotted Boll worm 
{Earias insKhna and Earias fabia) and the Pink Boh worm {Platyedra 
gossf/pieifa) are such pests. 

The main work on the Spotted Bollworm done at Surat was 
published in the Imperial Council of Agricultural 
Research Monograph No. 10, ‘The Spotted 
BoU worms of cotton in Southern Gujarat by 
U6.<hpande and Xadkarni (1036). The main result of this research 
was that the pest has no period of aestivation and requires live 
cotton plants (or alternate hosts such as certain wild and cultivated 
3Ialvacos) all the time. Hence if It can be arranged that there is 
a perio<l when no cotton plants are on the ground the post should 
be greatly diminished. This again resulte<l in the devismg of a 
special plant-puller (like a magnified nail-puller) to take the cotton 
plant out of the ground, root and all, since the local practice of 
chopping the plant off at ground level resulted in the production of 
adventitious shoots from the roots and the pest carried on its life 
on these shoots. This plant-puller has been widely popularized in 
Gujarat (Bombay Presidency) by propaganda largely financed by 
the ln<lian Central Cotton Committee. In the Punjab, however, 
the cotton plants are bigger and more firmly and deeply rooted, 
and other methods have had to be devised for that Province. 

The work on the Pink Bollworm has been <lone mostly in the 
Pint Unitocl Provinces and has restilted in the devising 

of a heat treatment for cotton seeds, now made 
compulsory by law in the United Provinces. Here again conditions 
are not identical in all parts of India. While in the United Provinces 
the post has almost no resting perioil in the soil, in Hyderabad 
State this stage ia noticeable and ha a to be reckoned with. 

^luch work has been done on the Cotton White Fly {Bemhia 
QMsypiptrda) which ia a serious post in the 
Punjab. Its most active period is fniin May to 
September, after whicli it migrates to alternative 
food plants such as potatoes, turnips and cavil iflower. From 
5Iarch to May it attacks cultivated cucurbits and ratoon cotton, 
whence it -spreads to the new cotton crop. Spraying with rosin 
compound Is the most effective control and cost.s Re, 1*8 per acre. 

The Cotton Stem-weevil {Pempheres affinis) has been studied 
in Madras, and here again a close perio<l of not 
Cotton Stem- than three months would greatly liolp to 

^ reduce the pest. 

The Mexican boll -weevil which is .'such a serious pest in America 
does not occur in India. This is largely due to the fact that all 
imported foreign cotton is fumigated with gas in specially 

constructed barges at Bombay, tho only port through which foreign 
cotton may enter British India. 


Cotton While 
Fly 
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(c) SH'jarotne Pfsis. 

Attention to these has become imTca-iiiuly nocesftsiry witli tho 
ri«e of the Indian suear industry eon>eM»e»d pn ‘Unction 

afforded to it since 1031. The posts of main iinporlnm-t^ mf borers 
of which the main ones are top-slioot l>orer {.\riri>oi-li"‘jn myJUi), 
the stem-borers {Arynrui st:cti<-ni*p'^ »xvi Dyftrai rtn^.-nla). and 
the root-borer {EmuKitorcm fhpn.ixtila). Pyrdlu s|>ocios also infest 
the leaves. The extent of tlie .lania<:o catisod by t>..rors juis 
recently estimated bv Haldaiio. -As the result of ram loin sami.lmw 
and analysis (for a group of ten factories in North India) duiim. 
February, 1037, he estimated that the loss in Migar during a fi%o 
months season due to borers was Hs.l«..'yj.iXHI. He estimated that 
the supply of borer-free cane would result in an im-rease ofupproM- 
matoly 1 jiercent in the yield of sugar, and a considerable reduction 

in the production of waste molasses. , a . ^ i 

R^oarch on these pests on an Xndia-wulo scale is hoiiv^ financod 
bv the Central Government and the Imperial C’onncd of .^^jcultural 
Research and special attention la now Iwng jjivcn to t he jmssibilitics 
of bioloKical control. Already Miccess in using this met hod js 
claime<l bv the Mysore State, where the ma-^s breeding ami release 
of the parasite Trichogramma minutmtt. combined with improved 
cultural methoiU has been in progress for some years. 


(rf) Puts of Fruit Trtes. 

These are important particularly in the case of the valuable 
plantations of deciduous fruit trees grown in North Imlia and 
Kashmir- For the Punjab and North-West Frontier Province there 
is now in existence a combined scheme of Investigation (financed by 
the Imperial Council of Agricultural Research) of the dreaded 8 an 
Jos^ Scale {ComstockaspU perniciosa Maogilivray)* In the North- 
"West Frontier Province the chief objects of the scheme are 

(1) a survey of the insect pests of fruit trees uith special 

reference to the San Jose Scale and its host plants ; 

and 

(2) the examination an<l fumigation of live plants entering 

India at Peshawar and the Kumim ^ alloy. 

In the Punjab, the scheme is designed to investigate (1) the 
food plants of San Jos4 Scale in the Punjab : (2) the pi'esent distribu- 
tion of the pest ; (3) the movement of infested fruit or nursery 
stock ; and (4) the reasons why the pest thrives in certain areas 
and not in others. 

Woolly aphis {Eriosoina hinigerum Hausm.) and the apple root- 
borer are getting attention at CJiaubattia (the United Provinces 
bill fruit experiment station finance<l by the Imperial Council of 
Agricultural Research) and certain of the East Mailing stocks and 
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some local selections are showing resistance to the first -named 
pest. 

Mango hoppers {Idiocerus dt/peaUs) have been thoroughly 
investigated in Bom hay. with the result that a treatment devised 
to deal sinmltancously both with these itoppers and mildew has 
been devised. This consists in blowing .sulphur powder ou to the 
inflorescences by dust -guns. In Mysore the pest has been kept 
under control by .spra\ing with Hongey (Pottgamia glabra) oil soap. 

Insect pests of citrus are also important. One of the most 
curious of these is Ojf hide res of winch the actual moth flnng by 
night punctures the nearlv* ripe fruit with its saw-edged proboscis 
and sucks out a little juice. The effect of this tiny wound, how. 
ever, is that the fruit falls to the ground next day and is a total 
loss. There is also a strange caterpillar tlje colour of whicli is a 
mimicry of a bird’s excrement, and another caterpillar with a pair 
of false eyespots that make it look like a miniature dragon. Thrips 
and aphis are also under study, the latter specially as possible vectors 
of virus diseases of plants. Crasshopper.s are a serious menace to 
many crops. Some of these pests are 

The Rice Grasshopper (H itroglyphus banian Fabr.) 

The Deccan Wingless Grasshopper (Colemaria spkenarioide^ 
Bol.) 

Cole mania is named after Coleman, who was Director of 
Agriculture in Mysore State for many years and who discovered and 
described this insect. 

Rome dial measures against grasshop|>ers are various and 
include drawing open-mouthed cloth bags or tarred iron sheets 
over the young crop to disturb and then catch tlie rising grass- 
hoppers. 

In Baluchistan and Sind recently a plague of the black- headed 
cricket has required attention. In^an Entomologists often get 
grassliopper specimens sent them as locusts, for man}’ of the grass* 
lioppers are large and. to the untrained eye, indistinguishable from 
locusts. 

For all sorts of iasects, insecticides of various kinds have been 
tried. The most generally successful again-st .sucking iiuseots lias 
been fish-oil -resin soap. Nicotine prejwi ration.^ are effective though 
expcn.sive but recently in Bombay, f*. Deshpande has made a 
good cheap insecticide* from a cold water decoction of tobacco waste. 
Tobacco ivaste from the Belgauin District of the Bombay Presidency 
was found to bo peculiarly rich in nicotine- Pwtlirum lias been 
grown experimentally in Kashmir and the Punjab and is now beuig 
tried on a wide range of statioas. For several years research has 
been going on at the Forest Research Institute at Dehra Dun and 
more recently at Mysore on the insecticidal value of certaui 
indigenous plants tliat have for centuries been used as fish poisons 
especially some species of Tephrosia and MunduUa. 
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V. Ac. RICI LTTRAI. C*HEMI$TKY.‘ 

The applioatiou of mem-e to agriculture sfartcil >ntli chciiiisfK 
m German V and Britain and it wa> natural that in India loo the 
«aine should happen. Voelcker. already menthmed in tlic introdin*- 
tion, was a chemist and Leather, the first ImjHTial Affncultural 
CbemUt at Pusa laid the foundations of soil .<eiome in India. 
Agricultural Chemistr\% so fur as India is concenied. mi^lit imlcecl 
be divided up in SoirScieuce and the Rest witli the accent on Soil 
Science. From 1(IU4 till 1915, leather worked on .<oil moisture, 
soil temperature anti soil gases. According to Lent Ik* r work, t)ie 
<liffusion of gases through tlio soils with which lie worked, at a 
depth of 12’ to 15’ was .so efficient that cultivation of .surfaco soils 
is unnecessary for « rat ion, and the value of good cultivation must 
be referred to some other causes. Soil Pluvics and Soil (.'heiuistry 
hare been to a great extent linked in much of the Indian work, 
particularly in later work on soil clasdfication. effects of < organic 
manures, dry .fa ruling investigations, and reclamation work. 


{a) Efclotfiation of A f kali 

This subject hfts been under investigation during the whole 
of the twenty ‘fire years. In liKKt H. H. -Mann wlio had then just 
left the post of first scientific oftii'er to the Indi.Mi Tea Association to 
become the first Principal of the Poona College of Agriculture, and 
Agricultural Chemist to the Bombay Government, undertook, in 
collaboration with Tatnliane, a study of lands in Xira Valley of the 
Bombay.Deccan, rendered alkaline and infertile tlirough the appli* 
cation of heavy irrigation to deep black soil with insufficient 
drainage. This work was carried on later by the Irrigation 
authorities. Alkali lands due to other causes exist copiously in the 
Punjab, Sind and United Provinces, and in all these provinces the 
local agricultural chemi.sts have made their contribution to the 
work of devising reclamation measures. 

(6) Soil Aciditt/ and HydrogenAon Concentration. 

(1914 and 1923) worked on the acid soils of Assam and 
foimd that the high acidity was due to colloidal substances like 
hydrat^ silicic acid, acid silicates, and hydrated aluminium and 
iron osd^. These soils were also deficient in nitrogen. The soils 
were found to improve by green manuring and phosphatie fertilizers, 
^mmg gave increased grain and straw of paddy in the acid soils at 

<l«tenained the hydrogen don concentration of 
several Indian soils and plants. Charlton (1924) studied the buffer 


1 In collaboration with Mr. N. V. Kanitkar. 
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action of Burma soils and showed that the range of fertility of soils 
may lie between the limits pH 4*5 and pH 9*5. Harrison found 
the antimony electrotie a robust and reliable form of electrode for 
the determination of pH values. 

(c) Ba^t^txchangt and Soil Colloids. 

Agricultural Chemists in India have not only kept pace with 
groat advances in Soil Science in reganl to various physico-chemical 
researclies but several of them have also made contributions to this 
advance. Puri and Taylor at the Punjab Irrigation Research 
Institute, have worked on exchangeable bases and Imve evolved 
methotls to determine them. 

Exchangeable bases were dctermine<l In Burma soils by Hissink’s 
method and al>o by electro- dialysis in 1928 by the Agricultural 
C1i cm ist . Pa rames wa r Aiy a r ( 1 932 ) a t Coi niba t ore used t h e t i t rat ion 
method for base exchange, wliile Da lip Singh and Sukh Dnyal 
(1939) at Lyallpur. have also conducted l>ase-exchange studies on 
the Punjab soils in connection with reclamation of alkali lands. 

The work at Push (1928) le<l the Physical Chemist to formulate 
the theory that the soil particles could \ye considered m a colloidal 
tribaMc acid with three ifplaoeable surface -active hydrogen atoms 
and that tlic important soil properties dci>eml on the nature and 
degree of saturation of exchangeable ions. Bacterial activity uitd 
plant growth were also influciu-cd by the degree of saturation of the 
soil colloids. 

ISlukhcrjee and others at Calcutta, arc engaged In detennuiing 
.some fundamental characters of colloidal material in clay, like silicic 
acid, humic acid and aluminium hydroxide. These sub.st antes 
behave like strong acids in most res|)eets and as weak acids in aome. 

Charlton (1932-36) determined various ‘single values* of 
Burrrui soils and found high correlation to exist between moisture 
at sticky-point and divalent bases. 

Sen and Amin have shown that the absorption of hygroscopic 
moisture can become useful a.s a ‘ single value ’ for cliaracterizing 
soils. 

(d) Soil Fer<i7i*f^. 

The question of soil fertility generally has of course received 
much attention. Starting from the simpler ideas of twenty -five 
^'ea^s ago there has been accuraulatetl in every province a body 
of knowledge as to technique and cau.ses that is having its effect on 
pre.sent-dav practice. A t>-pical example is the question of soil 
nitrogen in' Indian soils. On this subject worked Warth (in Burma), 
Norris and \’i.swa Nath (in Madras), Hutchinson (at Pusa) : 

Annett and Bal (in the Central Provinces) and Sahasrabuddhe (m 
Bombay). Dhar of the University of Allahabad has also recently 
been dealing with this subject. The question divides itself naturally 
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into two sections, namely : (1) tl.e natural rei-uixTation ..1 uitrogon 
in Tinmanure<l soils, and (2) the nitrification of manurml m atonal 

added to the soils. ... , 

As regards (1) it Ijas been found that nitrotfon m soils, imdor 
tropical and subtropical conditions of tomperaturo nml rainfall, 
does not remain constant. It Unctiiatos witliin (‘crtain limits in 
different seasons. Alternate netting and drying of soils favours 
natural recuperation. Cultivation, moisture content varying from 
20 to 30 per cent, and a temiwraturo of 40’ V. favour roc*uiK'ration 
of total nitrogen. Nitrate and nitric nitrogen also llnvtnatc. 
Fallowing tend.s to accumulato nitrate nitrogen. 

As regards <2), not very much of tho cowdung produccMl in 
India reaches tho soil. Mo.st of it Is burnt as fuol in tlio slmjic of 
ftat dung pan -cakes dried on a wall or rock. Vet the soils continue 
to give crops of a sort and yieki.s of a sort. How do tlicy <io it i 
All the above has of course a direct bearing on tlic theory and 
practice of manuring. More than any otlier Iwanch of agricultural 
science, manuring has been the subject of field cxjwrirncnts in 
India with all kinds of crops and all kinds of maniiri's. It is only 
in recent years, however, that tho Fisherian technique has been 
applied to the lay-out of such exfxjrimcnts and tho interpretation 
of their data, Much of the earlier work done before the iutrodue- 
tion of this technique gave indications, but no c^onclusions significant 
in the modern sense. However, some of the older o.vperiinents 
could be luado to yield to some form of innthomatical treatment, and 
this is exemplified in the book by bahasrabuddho * lilx|)Oriincnts in 
manuring crops in the Bombay Presidency, lblK5-J931 Vaidya- 
nathan (193G) has collated the results of mamirial ex))erimonts so far 
tried in all provinces of India and has appliotl mathematical treat* 
ment bo as to make these results more useful. 

The most generally used artificial fertilizer througliout the 
whole of India is sulphate of ammonia. This however can only be 
used where it pay.s its way and yieUls a profit. Hence one finds 
it used more for sugarcane than for any other crop. In the Bombay 
Presidency experiments were carried out in 103 1 -3 3 to study tlio 
movement of ammonium sulphate in t,\*pical soils witli varying 
conditions of moisture. It was found that the diffusion of the 
fertilizer increased with the rising moisture content of the soil, the 
maximum diffusion being a distance of six inches from the point of 
application in soils having a moisture content of 50 to 75 iwr cent 
of the soil's watorholding capacity. The diffusion was equal in 
all directions. In the course of diffusion a part of tho ammonical 
nitrogen changed into the nitrate form and in this form diffusion 
was more rapid. In the chain of sugarcane-research stations sub- 
sidized by the Imperial Council of Agricultural Research throughout 
India one of tho problems has already been, how much nitrogen 
per acre does it pay to apply and in what form. The answers as 
to amount vary widely from province to province. Sugarcane is. 
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very greedy of nitrogen. At Paclegaon in the Bombay Presidency 
it ‘was found that 300 lbs. nitrogen per acre (as top-dressing) was 
by no means the top limit and 600 lbs. per acre is now being tried. 
At that station oO lbs. per acre (as top-dressing) definitely fell short 
of the requirements of the sugarcane crop» and existing practice is 
to give 150 lbs. in addition to farmyard manure. But at 
Anankapallo in Ma<lra.s 50 lbs. total nitrogen is regarded as a normal 
dose (as a result of careful experimentation). In Bihar at Patna 
100 lbs. of nitrogeti per acre appears to be the best dose, while 
anything above 60 lbs. nitrogen per acre is reported to be uiieco* 
nomical in the heavy soils of South Bihar. 

As to the form in which the nitrogen should be given, there is 
throughout India a consensus of opinion that part of it should be 
given as organic and part as inorganic nitrogen. Sources of organic 
nitrogen are <lung, compost, oilcakes, and green -manuring. There 
is a fair supply of oilcakes in India obtained from the local oilseed 
crushing industries handling groundnut, castor, saffiower, rape-seed, 
etc. Castor cake being unfit for cattle food is largely used as a 
manure. For green manuring India is fortunate in having one out- 
standingly useful crop, — namely Sann Hemp {Croialarin juncea). 

* Dhaincha ' aculeata) is also used and the standardiza- 

tion of green -manuring in rotations has been the subject of much 
successful research and propaganda. The use of organic manures 
and particularly of cowdung, has also the advantages of increasing 
the waterholding capacity of the soil, of giving better conditions for 
bacterial activity and (apparently) for enhancing the nutritive 
value of the food produced by crops so manured. 

The utilization of bones has been the subject of a good deal 
of investigation throughout a number of years. The direct crushing 
of unprocessed bones has never been very successful. Simple 
charring, although it causes some Joss of nitrogen ap^ars to be a 
very suitable preliminary to crushing. At Pusa a dilute solution 
containing a mixture of caustic soda and sodium chloride softened 
the bones in two months. 

Systematic work on phosphatic fertilizers has been hmiw. 
Warth (1919) studied the phosphate requirements of some paddy 
soils in lower Burma. He found that the phosphoric acid deficiency 
was not general but was restricted to definite oi\* 

nitrogen In such soils ■was also deficient. Harrison and Das (19;:1) 
studied the retention of the soluble phosphates in calcareous and 
non -calcareous soils. Field experiments with phosphatic manures 
have shown them to be useful for rice, cane, wheat and C(>tton, and 
they are being used in Madras, Burma, the Punjab and Central 

Provinces. , , , > 

No account of manure and fertilizer work would be complew 
•without mentioning the work on compost. At Indore, methods 
have been develop^ for converting all farm waste material inw 
useful manure. Similar work has been done in Bengal. J5ihar, 
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United Provinces and Bombay. At Bangalore, compost from farm 
waste and road waste has been made using activated sludge as a 

starter. 


(e) Soil M icrobidogfj. 

Manii and others (1912) investigated tho sy^itom {Imnimg 
the seed-bed) of rice cultivation in Western India ami found tluit t he 
partial soil storilization involved in tho niothod favoured t u* 
activity of useful organisms and slinultancously improved th<' 
physical and chemical properties of the sod. Hutchinson (l.nU-li) 
conducted studies in bacteriological analysis of Indian soils at 1 waa. 
Uter on, Walton (1915) studied nitrogen fixation m Indian xoiU 
bv Azotobacter- Studies on tho microbiology of the progressive 
reclamation of alkaline soils liave revealed a close ^>rrolation 
between tlie bacterial number and the extent of reclamation. 


(/) Soil Surveys. 

While there has never boon an all-India Soil Survey, 11101*0 
have been quite a numbor of soil-surveys dealing with limited 
areas, In most cases sucb surveys were undertaken in connection 
with the solution of definite problems or for finding the suitability 
of soils for irrigation whenever now irrigation projects wore under- 
taken. 

In Madras, extensive tracts of tho Go<lavHri, Krishna and 
Cauveri deltas were surveyed. Surveys of the areas known as the 
Periayar tract and Malabar were also completed and publislmd. 
These surveys were done with a view to detonnining tho fertility of 
tiie soils of these tracts. The deltaic tracts were found to be well- 
supplied with the important plant -food ingredients. Soils of tho 
Periyar tract were found to be deficient in phosphoric acid and 
nitrogen. Soils of North Malabar were well supplied with nitrogen 
but wero deficient in lime and phosphoric acid, while soils of South 
Malabar were also well supplied with nitrogen and potash but were 
lacking in Ume and phosphoric acid. More recently, extensive 
areas which are likely to be commanded by four irrigation projects 
have also been surveyed to find out the suitability of those soils for 
irrigation. Some alkali patches have been found to exist in these 
tracts. The soils have b^n found to be wanting in all plant -foods 
except potash. Several important physical determinations of these 
soils have also been made in addition to the fertility constituents. 

In Bengal, soil survey was planned by Me^ltt in 1914 and 
was continued between 1918 to 1925 mainly from the chemical 
point of view. The Indian Tea Association carried out soil survey 
of tea districts. 

In Burma, a soil survey of Pegu and Mandalay District was 
carried out in 1925-20. It was found that the soils of Pegu division 
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were highly deficient in phosphoric acid while those of Mandalay 
were deficient both in phosphoric acid and nitrogen. 

In the Punjab, the hollar (alkali) problem has been receiving the 
attention over a long period. Lander and others (1928) have taken 
a comprehensive survey of all the investigations carried out during 
twenty years on the Punjab soils. A survey of soils in connection 
with the extension of lower Chenab canal was completed in 1929, 
and the survey of Gurdaspur and Amritsar districts was undertaken 
in 1933. 

In Bihar, soil survey of Bhagalpur District was carried out in 
192 1 >22 from the fertility point of view. No particular constituent 
was found to he deficient. Soil surveys of Suran and Gaya Districts 
were also undertaken in 1925-26. 

In Sind, a soil and subsoil survey of the Lloyd Barrage 
aroas was commenced in 1931 by the RiUearch and Development 
Division of the Irrigation Department and is still being continued. 
The survey work includes the determination of the physical com- 
position, salt content, etc., in various strata underlying the surface 
to a depth of thirty feet. 

Soil surveys in connection with irrigation projects have been 
carried out in Hyderabad and Mysore. 

A genetic soil survey of the canal areas in the Bombay Deccan 
has been undertaken by Basu at Padegaon Sugarcane Research 
Station, 

In 1935, the Geological Survey of India undertook a general 
survey of soils and a note along with a map has been published 
describing geological foundations of soils of India, by Wadia, 
Krislman and Mukherjee. 

In this connection mention may be made of the black cotton 
soil investigations by Annett (1910) in the Central 
Provinces and by Harrison and Shivan (1912) 
in Madras to determine the factors that con- 
tribute to the colour of the black cotton soils. According to 
Annett, the black colour is mainly due to titaniferous magnetite. 
Harrison and Shivan did not find the presence of magnetite in all 
black soils of the Madras Presidency. These were found to hove 
been formed from diverse geological formations. According to 
them, the black colour and the peculiar physical properties may be 
due to two classes of substances : one is a colloidal hydrated double 
silicate of iron and aluminium and the other is organic in character 
and may possibly be an organic compound of iron and aluminium* 


Black Cotton 
Soils 


(^) Plant ChemUtry. 

Next in importance to the soil and fertilizer work is the work 
on the chemistry of plant and plant -products. 

The nutrition of the rice plant with re^rd to its periodic 
of nitrogen, pota.sh, phosphoric acid and lime has been studied by 
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S.thasrabuddhe in Bombay. Dastur (1933) stutUed in Bombay t he 
nitrogen nutrition of rice. Harrison and Aiyer s extonsive stucbos 
on the gases of swamp rice soUs have thrown light on the oxygon 
Bunnlv to the roots of rice pUnts under swampy conditions. 

The chemistry of the leaves of the betel vine and their coinmer- 
cUi bleaching were stuped by ftfann, Sahasrabuddho and Patwai - 
dhau (1913). It was shown that the value of the leaf depoiicU upon 
the potassium nitrate and the essential oil it contains. 

The acid secreted by the gram plant was invest ignte<l by 
Sahasrabuddhe. It was found to be malic acid. The plant can 
secrete the acid again and again if the quantity present is wasljc<l off 

with water. _ ... 

The chemistry of the germinating seed of safflower was studied 
by Tambane in 1921-1923. while the oil-formation in nigerseed 
was studied by Sahasrabuddho and Kale in 1933. Pat-el and 
Sheshadri studied the oil formation in groundnut in 1936. 

Annett working at Cawmpore. made exhaustive studies in the 
chemistry of opium, tho nature of the alkaloids present and the 
inffuence of environment. 

Another product of industrial importance investigated by 
Annett was the sugar obtained from date-palm in Bengal. 
Vishwanath (1919) studied the chemistry of the sugarcane at 
Coimbatore. Lander (1936) studied the effect of mineral matter in 
sugarcane -juice on the yield of white sugar. 

Amongst other items of investigation in plant chemistry may 
be mentioned the studies in hydrocyanic acid in the Burma bean, 
fractional liquefaction of starches (Burma) biochemical study of 
starch from old and new rice grains (Bombay), studies in the prussic 
acid content of sorghum, malting properties of sorghum, and 
bj^olysis of sorghum-starch conducted in Madras. 


VI. Ao&ioultubal Enoikebriko. 

Twenty-five years ago agricultural engineering was just 
begiiuung to receive attention. Only two provinces, Madras and 
Bombay, bad employed Agricultural Engineers. The work then 
consisted mainly in the boring of wells, the substitution of power 
pumping for water-lifUng by bullocks and the introduction of 
suppose&y labour-saving implements and machines. Musto, then 
A^cultural Engineer in Bombay, got certain manufacturers to 
re-design all their standard sizes of pumps with a view to obtaining 
a higher efficiency within the limits in which they were generally 
worked for imgation pumping. He also invented a new type of 
boring plant to be worked by band labour or bullock gear and 
which proved successful in hard rock. In 1912-13 Musto was 
succeeded by Schutte who developed boring and pumping work to 
a great extent and who devoted much time to the invention of an 
improved seed-drill. This work was carried on by Paranjpe in 
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rocent years. An improved seed-<lriH an<l various other implements 
have aUo been designed by Charley in Madras. 

Later, agricultural engineering has had a recognized place 
and many of the provinces employ a full-time Agricultural Engineer 
as one of their regular staff. In 1921-22, for example, the Punjab, 
Madras, Burma, Bihar and Orissa, the Central Provinces and 
Bombay all had agri<‘ultural engineers. Not all these provinces 
have now got agricultural engineers but the work of agricultural 
engineering is still an important part of the provincial programmes 

everywhere. 

* 

Agricultural engineering i.s a title which covers a very con- 
siderable range of subjects and in India those are mainly: (I) 
well-boring, (2) appiiratus connocted with raising water, (3) other 
Agricultural machinery, excluding tractors, (4) tractors and tractor 
implements, (5) the improvement of bullock*<lrawn and hand imple* 
monts, and (b) land improvement and development. Of research 
in the limited sense of the term, there has not been a very great 
deal, but there has been an amazing amount of invention applied 
particularly to g it r- boiling furnaces, cane- crushing plants for bullock- 
powor or small internal combustion engines, improved w'ater- lifts, 
e.g. improved Persian wheels, chain lifts, etc., at^ improved tillage 
implements, The last named group has been peruliarly prolific 
and there is hardly a province in which there is not widely used some 
improved plough, inter-culturing implement or secd«drill. The 
following arc some examples : — 

In 1922-23 the Mysore Agricultural Djp.vrtment put on the 
market a new steel bar suited to the ordinary cattle plough, while 
a cheap and improved type of iron plough suitable for local condi- 
tions was manufactured in the workshop attached to the Agricultural 
School at Travancore. The Meston plough (called after Lonl 
Meston) remains one of India's .standard light ploughs, In 1924-25 
tho Agricultural Engineer in the Central Provinces mvented a 
reversible blade hoe and a grubber for clearing land of sorghum 
and cotton stalks. Clod -crushers have been designed in several 
provinces where the soil demands them. In Bombay and also 
in Burma paddy -transplanting machines were designed and in 
Burma, Bombay and Madras groundnut- raising implements for 
bullock power. At Indore in 1926-27, a yoke was designed long 
enough to allow of four bullocks walking abreast so that the 
animals could co-operate equally and exert their maximum power. 
In 192S-29 in .Madras an improved guntaka or blade -harrow was 
standardized and manufactured in three sizes. In North 
the Biliar plough, cultivator and ridging plough designed by thit 
Tiroved very suitable and manufacture and sale were taken up by 
local firms. Winnowers have been designed in several province 
vnrving from a power-driven fan in the Punjab to a cheap hanU- 
driven fan with bicycle gear in Bombay. Paranjpe in Bombay 
has developed n bullock -drawn <lry farming implement termed a 
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two firms of iron plough-s and tilli^ ,« 

nrincinlee adapted to Indian conditions and at paces amto.l to tl o 
India^ farmer!^ The tnmwrest plough (a plough with a ® 

mouldboard) is Tery popular in many areas. Two '' : 

ment manufacturinV Arms aro Messrs. ^Kirloskar Brothers of 
Kirloskar Wadi, in the Aundli State (near Satara District, »<> o^.V 
Presidency) and the Cooper Engineering Works, Satera, Bombay 

Presidency. . , ^ . 

Along with the designing of bullock-drawn jmplooients has gono 
ft certain amount of investigation into the draught of the« iiapio- 
raents. This baa been mostly done by the comparatively crude 
method of the spring dynamometer but it is hoped m the near 
future to make more accurate tests witb improved dynamometers 
such as have been recently used in similar researches in England. 

The side of the work which has been called laud improvomont 
and development is of the greatest importance particularly as a 
means for the retention of water on the land and for the prevention 
of erosion. In certain provinces and notably in Bombay special 
officers have been set apart to deal w'ith applications for land 
improvement who survey the land, make estimates and aeo the work 
carried through. In this way systems of embankments of various 
sizes* shapes and des^s fitted with suitable waste-weirs have 
been constructed in several parts of the Bombay Presidency. This 
represents the first line of defence against erosion but along 
this has also gone the making of small embankments of 2' to 6* 
in height as part of the dry farming system also developed in Bombay 
and now under study and modification in Bombay, Madras, the 
Hyderabad State and the Punjab. 

Mechanicid ploughing started about 1912-13 with double- 
engine steam ploughing (Fowler's plant) and the Bajac windlass 
plough. Later on, experiments in mecbaiucal cultivation by means 
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of tractors and tractor ploughs were largely financed by the Burmah- 
Shell Company for a series of years and the results are published in 
Scientific Monograph No. 9 of the Imperial Council of Agricultural 
Research entitled * Mechanical Cultivation of India — a history of 
large scale experiments carried out by Burmah-Shell Oil Storage 
avid Distributing Company Limited *. This monograph gives full 
details of the work done, the results obtained and the costs. 
Generally speaking, tractor ploughing in India is for the present 
likely to be limited to (1) individuals and companies owning or 
working large tracts of land, such as ceitain sugar companies, and 
(2) contractors undertaking to do the eradioation of deep-rooted 
weeds for so much per acre. 

In the hoavy black soils of the Deccan, it has not been easy 
to get tractor imploments that would stand up to the strain of 
doep ploughing but it is believed that such have now been discovered. 
In Edition, there have also been worked in India various models of 
the GyrotiUer (Fowler) which pulverizes the land by two heavily 
toothed gyros attached to the tractor itself and behmd which can 
be pulled furrowing or ridging implements. 

Well-boring has been of different types according to the nature 
of the substratum. In the United Provinces, tube- wells are now 
a well -ro cognized part of the agricultural system and are part of 
the hydro-electric development introduced by Stampe. Miller- 
Brownlie, recently Agricultural Engineer in the Punjab, received 
the Maynard -Gangaram prize of K$.3,000 for his invention of a 
slip strainer suitable for water augmentation supplies derived from 
bores sunk in open wells. This strainer has the particular merit 
of not being affected by alkaline sub* soil water, a defect from which 
many of the earlier strainers suffer. Miller- Brownlie had invented 
a new type of tube -well as early as 1912-13. In the Bombay- Deccan 
on the trap area where water runs largely in fiasurca considerable 
use has been made of the Mansfield Water -Finding machine with 
considerable success. Human water finders — British and Indian — 
have also been employed with a fair amount of success. 

Agricultural Engineers have thus a great deal of work to their 
credit in a comparatively short period of time. The subject of 
Agricultural Engineering, however, certainly neads more attention, 
more systematization, and a closer linkage w'itb soil physics in 
research on soil -working implements. 

VII. Plant Physiology and Biochemistry. 

While, from the beginning, plant physiology has always been 
part of the background of workers in plant genetics, soil chemistry, 
plant pathology and entomology, its emergence as a separately re- 
cognized subject really dates from the establishment of the Imperial 
Council of J^ricultural Research. It first -appears as a separate 
beadhig in the Beview of Agricultural Operations in India for the year 
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1929-30 The earlier work of a physiological cijaracter was to sonao 
extent largely observational, dealing with the effects on tho plant of 
certain soU treatments or conditions in the field. In ^n]ab, 
Trousht, then Cotton Research Botanist, pubhshod in 1929-30 two 
papers (one in coUaboration with Mohammad Aftal) on the y))iysio- 
logical response of the cotton plant to its enrironracnt, tins being 
an attempt to determine the factors responsible for tho so-called 
‘ failure ’ of the cotton crop in the Punjab in various years. Pre- 
viously D- Milne had given considerable attention to this same 
malady and attempted to connect it up with humidity and tempera- 
ture. According to Trought and Afeal, the experimental evidence 
showed that in some years the effect of certain climatic conditions, 
or the accumulated effect of a succession of unfavourable conditions, 
is sufficiently severe to produce a general patliological state in 
tlie plant. The symptoms of this condition are the premature 
opening of bolls, the non-development or shrivelling of the embryo 
and the non-production of satisfactory lint. The root development 
of tho plant, according to Trought and Altai , exercises a preponderat- 
ing innuence on the good or bad nutrition of the bolls. The major 
climatic factors are : excessive heat and drought in the early part 
of the season, an abnormal number of dust storms, puddling or 
water-logging of the soil, producing as a final result a competition 
between bolls and complicated by white fly attacks. These periodic 
failures of American cotton in the Punjab were made the subject of 
a new physiological research financed by Indian Central Cotton 
Committee. This started in March, l93o, and was put under the 
charge of R. H. Dastur of the Royal Institute of Science, Bombay, 
who accepted the direction of this research, temporarily relinquish- 
ing his professorship. The work so far done appears to show 
that in plants suffering from the disease there is a breakdown of 
the chlorophyll apparatus, associated with accumulations of starch 
in the leaves, and of certain tannin- like deposits in the phloem of 
the root and stem. The accumulation of an excess of organic acids 
within the plants is another phenomenon associated with the 
disease. Certain bacteria were found in all parts of the diseased 
CQtton plants, with the exception of the embryo, but it has not 
been found possible either effectively to sterili^ the seeds or to 
reproduce the disease by inoculating these bacteria into healthy 
plants. 

Sind is a province with extreme climatic conditions and from 
1927 to 1936 the Indian Central Cotton Committee financed in that 
province a physiolo^cal research scheme dealing with cotton. In 
1932 it was definitely concluded that from March 15 to May lo 
was the optimum period for sowing cotton under irrigated coiiditions 
in Sind. Work done on the water requirements of cotton over the 
whole period of the research showed that these requirements are 
highest dur^ the flowering end fruiting periods, and that an 
uutial w'atering of 8 inches during the first period of 28 days followed ' 
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by two irri pat ions of 3 inches each at 10 days’ interval the 
highest neld. As regards manures it was shown that satisfactory 
returns can be expected when compost alone is given at the rate of 
Id cartloads per acre before sowing or at the rate of 7| cartloads 
per acre before sowing followed by 50 to 100 lbs. ammonium sulphate 
per acre IJ to 3^ months later. 

An impoitant aiul definitely phy>iological investigation was 
carried out at Surat by K. V. Joshi and his colleagues from 1023 to 
1033 on the physiology of the shedding of buds and flowers and 
bolls of the cotton plant, the results indicating that shedding Is a 
natural phenomenon and mainly due to competition between the 
developing bolls and the co-existing buds, flowers and young bolls. 
Degree of shedding was also found to be, in some degree, 
hereditary. The same phenomenon had also been investigated in 
Madras by Hilson and his colleagues who published the results in 
Pu.‘<a Bulletin No. 156 of 1924*25. The same problem is still under 
investigation in the Punjab. 

In 1915, Parnell published a paper on the ph>>iology of indigo* 
yielding glucosides based on work carried out at the Indigo Research 
Station, Sirsiah, Bihar, and in 1920 Youngman published a paper 
on the influence of atmospheric conditions on tho germination of 
Indian barley. The Indian Tea Association carried out some 
work on the distribution of tannin within the tissues of the tea 
plant and a separate branch to study the physiology of tea was 
opened at Tocklai about 1929. 

At Karjat in tho Bombay Presidency, K. V. Joshi and others 
carried out work from 1919 to 1934 on the nutrition of the rice 
plant , the object l)oing to determine the factors involved in producing 
a maximum crop. 

J. N. Sen in 1915-16 published in Pnsa Bulletin No. 65 the 
result'^ of ‘ A study in the assimilation of nutrients by the rice plant - 
Dastur (already mentioned in connection with the ‘ cotton failure 
research) was in charge of a research on the physiology of rice 
plant financed by tho Imporml Council of Agrictiltural Research 
between Rh32 and 1935. In 1931 Dastur studiwl tho osmotic and 
suction pressures of the roots and leaves, the photo-s>'nthetic 
activities of the leaves, the intake of nitrogen and the relative 
growth rate of plants. In tho 1932-35 research, which had as one 
of its objects, the s|)ecial study of tho intake of nitrogen, it was 
found that from a solution of ammonium sulphate, the rice plant 
absorbed a greater quantitv of NH4 ions than of SO4 ions. This 
was found to bo true in all stages of growth. The absorption ot 
NH4 ion decreased as the plant aged while tho absorption of mtrate 
ion increased as the plant aged. Ba.sed on this, tho conclusion 
was drawn that a mixture of ammonium salts and nitrate is » 
better fertilizer than either alone. This was tested out by properlv 
randomised huge scale experiments on a considerable number ot 
researcli stations throughout In<lia in the >-ear 193.J-36 and the 
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results Of these experiments were that only in one pla.-.-, vi-/... in 
Sfncore on light Uterite soil did the mixture of mann ... p.vo 
the heaviest jnelds. In all the other plaeos oitiu-r sulphat. of 
ammonia gave the best >-ield or there wa« no Mgn.fi..int 
betu^een sulphate of ammonia and the mixture of sulpl.at. of 

atQmoiua and nitrate of sodft. . . , 

The phvsiologv of tho rice plant lias ixirtamly son eth.ug x r> 
peculiar about it and wo are very far from understanding . n 1> . 
ThP earlv work (1920) of Harnson and his colkniffues on the 
of the rice soils indioatetl that the algal film vvlmh covers tlio 
surface of swamp p^iddy soils and which evolves largo (luaiitmes 
of oxvgen, is the chief agent in catising the eration of the rooH ol 
the crop. Pran Kumar De has also l)Con working on this prohlom. 
but thinks the fixation is an algal process, thougli it is not yet 
possible to decide whether this Bxation is duo to tho alg* sdono 
or in symbiosis with other oi^aiusms. The more rec-ent work of 
Sahasrahnddhe, which ho has eenfirmed in various conditions ot 
rice cultivation at difTerent places in the Bombay Presidency, 
shows that there is a definite fixation of atmospheric nitrogen m 
the soil of rice fields and that this fixation I* helped by the presence 
of the growing roots of tho rice plant. It has been showii tliat the 
rice seed does not carry within it any nitrogen fixing organisms. 

Water requirements of crops, a subject which may certainly be 
regarded as physiology, has been attacked from all angles by 
different workers from the time of Leatlier, the first Imperial 
Agricultural Chemist, work which he eomiuenced in 1907 aiul cow* 
tinued till be left India in 1915. His first results wore published 
in 1009-10 as Pusa Memoirs, Cbemicnl Series, Ko. 8. The effei'ts of 
temperature and humichty, projwrtion of water in the soil, manure 
and the nature of the crop were dealt xsith. It was sluiu n tliat 
manure, wliilst increasing the weight of tlie crop ami consequently 
the amount of water required, efTected an economy of water, since 
the crop increase is proportionately greater than the water increase. 
In 1910-11, in a second Memoir, No. 10. Leather showed that the 
nature of the soil had no effect on the transpiration ratio, but that 
this factor had a great influence on the rate of water movement, 
hence indirectly on the weight of crop produced. Ho also stated 
that field experiments over several years (at Pusn) showed that 
practically the whole of the water assinalated by the crop was 
obtained within the root-range, some C to 7 feet in alluvial soil, and 
that stores of water below this depth were substantially of no service 
to the plant. This opinion was later modified by experiments at 
Cawnpore where the soil moisture was drawn upon to a greater 
depth. This study of water requirements is now being carried 
out both by pot experiments and field experiments with careful 
measuremenU of the water applied and lost at several of the sugar- 
cane experiment stations and the dry-farming research stations. 
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At this point plant physiology and ^ricultural meteorology 
come into contact, and it is necessary to say a word or two about 
tho latter subject. In 1930, the Imperial Council of Agricultural 
Research, following up the recommendations of the Royal 
Commission on Agriculture approved a scheme for the establish- 
meat of a section of agricultural meteorology at the Indian Meteoro- 
logical Department headquarters at Poona. This scheme was 
started from Augu.st, 1032, was extended up to August, 1937 and 
again for another year, and it is hoped that it may become a per- 
manent part of the Meteorological Department. The work done 
in this branch has been of a very varied character. There has 
been much designing of new instruments and great attention has 
f)con given to the study of micro-climates (i.e., the climatic condi- 
tions near ground and amongst crops in particular localities). 
Studie.s have also been ma<le of the exchange of moisture between 
soil and air layers and above it which have shown that water lost 
to the atmosphere during the day in certain conditions is more or 
less regained by absorption from the atmosphere at night. It has 
also been shown that the diurnal variation in the moisture content 
of the soil surface is maximum in the black cotton soils, moderate 
in the red lateritic soils and minimum in the alluvium soils. 
Arrangements have been made for giving telegraphic warnings to 
local governments of the approach of frost and an attempt has 
been made to correlate crop ;^delds with climatic conditions. 

An interesting example of the subsidizing of pure research by 
tlie Imperial Council of Agricultural Research is the grant made to 
}3osi Sen to help on his unique research work into the properties of 
living protoplasm. This work, which involves an exce^ingly 
delicate and specialized technique for the study of the individual 
plant cell, is intended to investigate the effects of different cations 
and anions on living protoplasm. Bosi Sen has found that the 
protoplasmic particles of the root-hair of Az^lo (the cell with 
wliich he is mainly working) are negatively charged. He has 
invented an ‘Increased Permeability* technique whereby, after 
an electric stimulus, the plasma membrane of a cell is more permeable 
to Ions In a surrounding solution. The introduction of Na, K, Mg, 
Ba, Sr and Ca ions by this method and also by micrurpal techmque 
produce granules of different types and behaviour in the living 
protoplasm. The following admirably cautious statement by 
Bosi Sen himself summarizes the position 

‘ In interpreting the results of observations on living proto- 
pbusm, it is well to remember that we do not know wbat the particles 
of protoplasm actually are : neither do we possess any definite 
knowledge of the composition of the dispersion medium of proto- 
plasm. Itomombering that one is dealing with entities less than 
a /.4 in size and with very thin films, one has to be on guard thart 
one is not observing a series of consistent errors. Realizing all 
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these points, one can do no more than list the observed facts^and 
wait for further data before coming to any definite conclusion. _ 

From the point of view of biochemistry rather than plant physio- 
logy, there may be mentioned the study of tli© malting of sorghum. 
This study had been carried out for some timo by the Agricultural 
Chemist in Madras and the work was financed as a threo-year pro- 
gramme from 1935. Tho previous work had shown that maltwl 
sorghum compared favourably with various mailed foods alroady 
on the market and the scheme now in progress aims at evolving a 
technique which will give a standard product of good quality. Bio- 
chemical work is needed on optimum temperature conditions, con- 
trol of enzymes, and a study of the changes in carbohydrates, fats 
and proteins. The fat content of sorghum is one of tho factors 
which lower the keeping quality of the malted moal. 

The malting and brewing qualities of improved barleys 4vre 
also being investigated in the Punjab, United Provinces. Bihar 
and Orissa. A test is being carried out at tlie Institute of Browing 
in London. Certain types have been found that are fairly satisfac- 
tory for brewing and others more suitable for distilling. The 
vitanuji content of mangoes was the subject of a small research 
carried out in England where, as regards \itamin C. tbe Alpbonso 
mango was shown to be one of the most potent sources known. ^ 

Plant physiology has always been a strong subject at tho ^ 
Benares Hindu University and a research on the physiology of C 
sugarcane and wheat has just been started there. ^ 


VIII. The Application of Statistics to Aorioulti^ral 

ExP5Rl^rE^*T3. 

Perhaps in no brancli of agricultural science has the elfoci 
of puie science been more marked than in the lay-out and inter- 
pretation of field experiments. The days when the comparison 
of two treatments or two crops was made by sowing an acre of 
one alongside the acre of the other are now very far behind us. 
As far back as 1911, A. C. Bobbs wrote a preliminar}’ note on the 
technique of field experiments at Sabour. In 1917 Parnell wrote an 
article on the probable error of field experiments in the case of 
varietal trials with rice and in 1923 B. N. Sarkax wrote a similar 
article on the probable error in variety trials with paddy at Bombay. 
In 1928 Iliffe and VUwa Nath (the present Director of the Imperial 
Agricultural Research Institute, New Delhi) published a Bulletin 
(No. 28 of the Madras Agricultural Department) on ‘ The Conduct 
of Field Experiments * a useful discussion of certain principles and 
practices, and taking the reader up to the use of * Student’s ' method 
in the field. About 1923-24 Bums, then Economic Botanist to the 
Government of Bombay, drew the attention of Mahalanobis to the 
subject of interpretation of field experiments, resulting in the 
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latter's first article on * The Probable Error in Field Experiments in 
Agriculture’ {Agr. Jl. Ind., 16, pp. 60-68. 1924). This small 
event was the germ of the vigorous and unique Statistical Laboratory 
utifler ISlahalanobis at the Presidency College, Calcutta — a laboratory 
which is India's School of this subject acd which in addition to its 
atlmi ruble research work, also trains annually an increasing number 
of agricultural and other workers in the theory and practice of 
modern statistics. As is well knorni, pre^^ent day field experimental 
techui<jtie is largely based on the work of Fisher in England, work 
which, however, on its theoretical side requires a high degree of 
mathematical training. It is the particular merit of Mahalanobis 
tiuvt he has been able to help less fully trained workers to apply 
these methods safely to experimental layouts and the estimation 
of >igiijficance of experimental results. 

The Imperial Council of Agricultural Research in 1930 
appointed its own »Statistician — M. \*aidyanathan,— who botli by 
consultation and by publication has done a great deal to make 
known the principles of agricultural statistics and to correct and 
guide work at the experiment stations. At the Institute of Imperial 
Agricultural Research at Pusa. the late F. J. F. Shaw used to give 
a series of lectures on statistics as applied to agriculture and shortly 
before he died, he completed a publication ' A Handbook of Statistics 
for use in Plant Breeding and Agricultural Problems ’ which is 
a useful handbook for all concerned with field experiments in India. 
Its main value lies in the fact that all its examples, most of which 
are fully worked out, have been taken from actual experiments 
carried out mostly at Pusa. 

In more recent years special problems have arisen in connection 
with sampling methods to used in estimating the relative virulence 
of attacks of insect pests on plots under different treatments and, 
in applying to Imlian conditions, lay-out methods devised in 
England for work on fruit trees. S^impling problems have been 
always with us. In 1913-14 Leather published a Memoir (Chemical 
Series III, 4) on ‘Experimental Eiror in Sampling Sugarcane’. 
In t)io same year he publishetl another memoir (Chemical Senes 
III, 6) entitled ‘ The Yield and Compaction of the Milk of the 
Montgomery Herd at Pus<i and Errors in Milk Tests In 1926-27 
J. A. Hubbaok, I.C.S., published as Pusa Agricultural Research 
Institute Bulletin 106 ‘ Sampling for Rice Yield in Bihar and Orissa . 

This question of crop yield estimates continues to be very 
pressing and sampling methods to be applied to crop cutting 
experiments are beina further stiulied by Mahalanobis, \aidya- 
nathan and others. It has been proved that present estimates 
of the area under julo are in certain districts at least, very erroneous 
and the Indian Central Jute Committee is now financing an explora- 
tory scheme to devise a scientific method, ba-sed on the principles 
of random sampling, for the more accurate estimate of the jute 
area, and to determine the limits of error of such an estimate. 
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Agricultural sUtisties is indeed a very live subject at present in 
India. 

IX. Fodder Pboddctiow. 

Fodder production in India faUs into two well marked 
divisions ; — 

(1) Grass production, and 

(2) The production of crops gro\vn for touclor. 

This roueh division, however, requires two modifications 
(a) there are certain introduced grasses (o.g., Guinea gr^ss) winch 
ire reaQv treated as crops, and (6) the.mwn fodder over the greater 
part of India is Kadbi which consists of tlje dned stalks of sorghum 
after tlie heads have been removed for grain. 

Grass production in India has received a certain amount 
of attention but this attention has boon soino- 
Grass Produc- sporadic. Over the greater part of India 

where the rainy season lasts for six months and 
the dry weather for six months, conditions are far from idod for 
grassland. The type of grassland existing in these areas con-sists 
largely of perennial grasses growing in tussocks of wliich only the 
under-ground parts romaiii alive during the dry weather. In a<mi* 
tion, there are a certain number of annual grasses which seed m 
October-November and spring up again wjien the rains break in 
Juno or July. In parU of India favoured ^t\x both monsoons, the 
grass lasts correspondingly longer, while in desert areas the grasses 
are of a highly xerophytic character aud very sparse. 

The botanists of India have always paid a good deal of attention 
to grasses, uot only describing them but also referring to their uses, 
Roxbui^h in his Flora Indica (1832) often gives rather full notes 
on the uses of certain species. One of the early books on grasses 
is ‘Fodder Grasses of Northern India’ by J. F. Duthie (1888), 
Director of the Botanical Survey of Northern India. He bad very 
sound ideas on grassland treatment and was one of the first to 
recommend ensilage. J. C. Lisboa in 1893 published his ‘ List 
of Bombay Grasses and their Uses ’ with not^ on their habitats 
and feeding values. Williams smd Mei^her in 1932 published 
their * Farm Manual ’ which contains a whole system of praotlcal 
grass farini^ of an intensive nature. In 1921 Rangacharya 
published his * Handbook of South Indian Grasses *. About the 
same time R. 8. Hole, Forest Botanist produced a monograph 
entitled ‘ Some Indian Grasses and their Ecology Mahta and 
Dave in the Central Provinoes published some excellent work 
on grassland improvement. Blatter and McCann’s large monograph 
‘ The Bombay Grasses ’ was published in 1933 by the Imperial 
Council of A^lciiltural Research. The Forest Department have 
devoted a very great deal of attention to grassland improvement 
aud ' The Indian Forester * contains a large number of useful 
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articles on this subject. A systematic attempt to apply principles 
of range improvement » already found useful in America, was made 
by Bums, Kulkami and Godbole in Bombay and the results are 
contained in the Memoirs of the Department of Agriculture in Indta^ 
Botanical Series, Vol. XIV, 1925, and Vol. XVI, 1929. This 
work showed clearly that even with comparatively poor lands 
and an annual rainfall of not more than 25*, a great improvement 
could be ejected by rotational grazing with a properly controlled 
number of cattle. 

The whole question of grassland improvement has recently come 
very much to the front and was discussed at considerable length 
at the Animal Husbandry Wing of the Board of Agriculture which 
met in Madras in December, 1936 and at the Cattle Conference 
which met in Simla in May, 1937. One of the important recom- 
mendations of these conferences was the formation of a Standing 
Fodder and Grazing Committee at the Centre, i.e., as one of the 
committees of the Imperial Council of Agricultural Besearch 
and the formation of similar committees in the provinces. The 
work of these bodies, which will be fully re present at ivo of all 
interests involved, will be to plan, to co-ordinate and to carry 
out the improvement of fodder and grazing in all suitable areas. 

Of introduced grasses grown practically as crops, the important 
ones are Guinea grass {Fanicum maximum) and Rhodes grass {Chhris 
gayana), while e.xperiments have been made with Elephant grass 
{Fenniselum purpureum), Sudan grass (Andropogon halepcnse), Para 
grass {Fanicum muticum), Teff grass (Eragrosfis abyssinica) and 
others. Whore irrigation and manure are available or where the 
washings of byros can be utilized, these grasses give an excellent 
return and green fodder throughout the year. It is proposed to 
experiment with certain other exotic grasses likely to be of use 
including some of the Ahdcan Digitarias. There has not been 
much experimentation on the effect of fertilizers on grassland but the 
Imperial Council of Agricultural Research has recently sanctioned 
a five-year scheme for the study of the effect of phospbatic manuring 
on grassland at Hi&sar in an area of low rainfall in the Punjab. 
There lias been no attem()t at the scientific selection of the natural 
grasses. Thi.s is an absolutely untouched section of plant- breeding 
work in India. 

As regards fodder crops, mention has already been made of the 
use of Kadbi (viz., the dried stalks of grain varie- 
o er reps of juar) (sorghum) but there are also certain 

types of juar wliich are grown specially for fodder. These, as a ndo, 
have tliinnor stalks and less grain than the grain juars proper 
and almost every juar tract got one or more of these fodder 
varieties. Maize is also grown for fodder (as well as grain) among 
the leguminous plants. The most important is berseem {Trifolium 
alexandrinum) which grows well in Northern India, i.e., N.W.F. 
Province, Sind, Punjab, United Provinces and Bihar, under irriga- 
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tion The uitroductioo of this crop has brought about a great 
improvement in the general system of farming since it not only gives 
an admirable fodder but also definitely improves the ground an<l 
makes a considerable difference to the succeeding crop. Its seed 
production, however, is still rather uncertain and roqvuros moro 
scientific attention- Bersum has also the great advantage that it 
thrives on land considerably affected by alkali. 

The sun-flower is also proving a very useful plant for giving 
a large amount of green fodder quickly at almost any time of the 

year. , 

In the Central Provinces, a species of bamboo (Dcndrocalamu^ 
3tr ictus) la grown for fodder purpe^s and, until the prickly pear 
{Opuntia <2«K>r) was wiped out in the Bom bay- Deccan by tJie 
cochineal insect {Dactylopius tomeniosus), that plant could l)e used 
for cattle food during periods of famine b)' burning off the spines 
with gasoline torch and miung the singed and choppeil material 
with cotton bulls or similar rough material. There is a consi- 
derable range of trees which are useful for fodder and one or 
two weeds, e.g., Pluckta lajictolato. The tops of the sugarcane 
and in some case the whole cane are also fed to cattle. 

In one or two provinces there are special scientific officern 
for the study of these crops such as the Millet Specialist 
at Coimbatore and the Fodder Specialist in the Punjab. Normally, 
however, the scientific work on these crops is part of the duties 
either of the Economic Botanist, the l^fessor of Agriculture 
or one of the Deputy Directors. 

The most pressing need at present is crop pleiming whereby 
a greater area may be put under intensive fodder cultivation. 
To release this area for fodder, it is necessary to grow the more 
high-yielding grain and cash crops now available in the provinces 
as the results of the plant- breeding work of the last twenty- five 
years. This will be one of the main objectives of the Fodder 
and Grazing Committees in the near future. 

X. Fruit Cultubb. 

In the early days of the Agricultural Departments in India 
fruit culture was nobody's child and, in fact, was regarded with 
tobrance as a not too useful sideline. There was so much to be 
done with the staple crops t At the Board of Agriculture held 
in Pusa in 1910, Robertson Brown, then Agricultural Officer in the 
North-West Frontier Province and always a keen horticulturist, 
introduced the subject of fruit culture, * As one ' he said, ' who 
somewhat doubtfully throws his hat into the ring.* The same 
^bertsoQ Brown in the North-West Frontier Province, the Howards 
in Pusa and Quetta, Bums in Poona and Graham in the Central 
Provinces started work on the frnits of their respective areas. 
The Quetta Station was opened in 1911 and during the Howards' 
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regime did much useful work. After their departure from India 
in 1024 it bad ups and do^ms till 1032 when it was again put on 
a brm footing with a fully qualified officer (A. M. Mustafa) and an 
Entomologist and Mycologist. (This work was interrupted by the 
Quetta Earthquake of 1935 when the station was wrecked, but 
it has irrepressibly risen from its ashes and is again in full vigour.) 
Now, very largely due to stimulus and subsidies from the Imperial 
Council of Agricultural Research practically every fruit of import- 
ance is the subject of investigation in some Province or State. 

Early work in India was mainly concern e<l with classification, 
pruning, propagation methods and certain important diseases. 
The Howards found that .stccks like Black Damask and the Mazzard 
used on the damp soils of Britain and North France were unsuitable 
for the hot dry soils of Baluchistan. On the other hand such 
stocks iVit tlio Mariana. M>Tobolan, Malialob and Jaun do Metz 
imported from Now Orleans did very well. Burns introduced 
ill Poona the espalier method of guava cultivation and also experi- 
mented with growing guava trees in pita blasted in rocky land. 
He i\Uo took up the pruning of the citrus and tlio fig, following 
the work of Quinn in Australia. The guava work was pursued 
later by U. S. Chcema who has been able to distribute tlirco varieties 
of nearly seedless guavas. In Western India the mango received 
a great deal of attention. Bums and Prayag’s bulletin The Book 
of the Mango published by the Bombay Agriculture Department 
in 1920 has a cosmopolitan reputation. This mango work has 
been continuously and consistently followed up and the results 
have been a considerable improvement in grafting motho<ls, a 
spread of the best varieties and particularly of the AJphonso (also 
called Alphonse, Apoos and Afoos). Tho canning of mango juice 
and mango slices has for years b^n done by small enterprising 
finns and also expori mentally by the Bombay Agricultural Depart- 
mout. The most recent development has been research work 
in the cold storage of mangoes. This scheme is financed by the 
Imperial Council of Agricultural Research and is located at Poona, 
at tho Ganeshkhind Fruit Experiment Station. Now gas storage 
has also been undertaken, and an officer of the scheme wlio w^ 
sent to England for special training in this line of work has returned 
to begin it in Poona. Tho Ganeslikhind Fruit Experiment Station 
has a long and chequered history being by turns a fodder farm, a 
drug farm, a botanical garden, and now a fruit experiment station. 

Tlie physiology of tho mango is receiving a good deal of attention 
at the Experiment Station at Sabour in Bihar, where the well- know 
phenomenon of biennial bearing (i.e., a bea\-y crop alternating 
with a light crop in successive years) is under study. 

A Horticulturist (G. S. Choema) was recruited for the Bom^y 
Presidency in 1921 and has greatly developed all fruit ^<>rk m that 
Province. In the Punjab a Fruit Specialist (Lai Singh) was 
a})pointcd about 192C and has similarly brought on Iruit worx 
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in that Province. In the United Province a Fruit Socialist was 
appointed in 1935. The Central Pro\inces ims now a citrus specia ■ 
ist the arst lady graduate in agriculture in India, Miss Rajiil 
Shah, a graduate of the Poona College of Agnculturo 
University) and M.Sc. of Michigan University, U.S.A. Slie is 
carrying ‘on research work on all aspects of citrus .uliivation. 
Mysore State has always been to tbo fore in fruit devclopnicnt. 

India has one or two excellent typos of oranges, pur 

is the mam centre of this cuUiTation in Central India, ihe 
Nagpur ‘ Santra ’ is a loose -skinned orange of tbo mandarin type. 
The ease with which the skin of the fruit and also the skin 
of the mdiTidual segment can be removed* and the sweet 
strong-flavoured juice make this a peculiarly attractive fruit. 
Research is in progress in propagation methods, pruning* manuring, 
packing and marketing. The tree suffers from a strange 
physiological disease, one of the * diebiwsks *. In some casos 
it has been cured by drainage. It appears to be associated with 
unsatisfactory soil conditions. The * Musunibi * {a corruption 
of the word Mozambique) is the other well-knowm orange of Central 
and Western India. It is paler in colour and not so full-flavoured 
as the ‘ Santra * and has less citric acid. The next most important 
citrus fruit of these areas is the ' Kagadi limbu \ a little round lime, 
the size of a golf ball* very acid, making a good lime- juice, and 
extraordinaril}' hardy. As^m has a group of indi^noue citrus 
species* some wild and some cultivated* on the Khasi Hills. These 
have attracted some attention from foreign scientists. 

A boginniog in the study of citrus was made in 1031. and 
a scheme flnancod by the Imperial Council of Agricultural Research 
is now dealing with citrus classifl cation, etdture, propagation 
and diseases* at Anakapalle in htadras. 

Cheema and Bhat have examined the olasBification of Indian 
citrus fruits in their paper. A study of the citrus varieties of the 
Bombay Presidency (Ci^rren^ Science, Feb. 1934, p. 298). Tanaka* 
who visited India in 1934-35 and made very careful study of all the 
citrus varieties, has also helped to get a clearer idea of the relation- 
ships of the Indian species and varieties. Until these modem 
attempts practically nothing had been done since Bonavia wrote in 
1890. 

The making of fruit juices has been the subject of much research 
work both in Bombay and the Punjab. In the last-named province 
the methods devised for making fruit juices are now being widely 
exploited and there has grown up a thriving business in juices 
and syrups. With jams and jellies India has not been so fortunate, 
as the demand for these is comparatively small. An experiment 
station started in Madras for dealing with hill fruits was closed down. 

R^erting again to citrus fruits it may be mentioned that the 
grape-fruit has been in the last few years introduced into India 
and is doing extraordinarily well. One of the earliest plantations of 
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grape-fruit is on the Goyemment Farm at Mirpurkhas in Sind 
and the present writer has never tasted any grape-fruit he liked 
better. These Mirpurkhas trees are Marsh grape-fruit but the 
local conditions have given them an additional sweetness. At 
Poona and Nagpur grape-fruits are doing well and bear in their 
third year. 

The big cousin of the grape-fruit, namely, the pomelo, is widely 
grown in scattered small plantation and as individual tiees. It is 
very hardy, stands drought and heavy rainfall, is resistant to 
*dieback’, and produces an enormous fruit of a combined orange 
and quinine taste, very good when eaten with sugar. This fruit 
would well repay selection. 

In India as elsewhere all the citrus species show much variation 
and there is a large scope for good work in taking buds only from the 
best trees. Research and propaganda on these lines are in progress 
in Bombay and the Central Provinces and certain nurserymen 
have been converted to these ideas. 

The North-West Frontier Province, the Punjab and Baluchistan 
and of course Kashmir and the northern parts of the United 
Provinces form the area where the deciduous fruits do well. Apples, 
pears, poaches, nectarines, quinces, persimmons, poaches and plums 
flourish there. The work of the Howards and their successors 
in improving these fruits in Baluchistan has been already mentioned. 
In the North-West Frontier Province, Robertson Brown did 
marvels, distributing as many as 30,000 budded or grafted 
plants per year. The United Provinces experiment station for 
these fruits is at Chaubattja, near Ranikhet and there work (financed 
by the Imperial Council of Agricultural Research) is in progress 
on the apple root borer {L<>phosttrnu^ hugdii), the woolly aphis 
(Schizo7\tura lanigero), on cultivation, manuring, soil problems, 
and stocks. The annual show of hill fruits organized each ^ptember 
in Simla by the Punjab Agricultural Department gives a good 
idea of the range and excellence of these fruits. The main difficulty 
with these fruits is not so much the growing of them as the marketing 
of them, and questions of transport and marketing loom large. 
For example at Kotgarh about 40 miles from Simla exce^nt 
fruit is grown but it must be brought to the rail-head at Simla 
on the backs of mules and, at the fruit-harvest time there is also 
a great demand for mules to transport the potato crop. There 
are special fruit vans on most railways, not yet specially cooled, 
though that is coming in the near future. Cold storage transport, 
especially by motor lorries, is now a subject of great interest to the 
army authorities, and most useful coUaboration between the army, 
certain commercial interests and the Agricultural Departments 
has been arranged bv Imperial Council of Agricultural Research. 

Grapes grow well in Northern India but by far the greatest 
amount of grapes that India consumes comes from Afghanistan 
being brought by motor lorry to the rail-bead at Chaman. Nasik 
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in the Bombay Presidency ie a grape centre 
local importance. Grapes in India are entirely for the table 
there is n^o wine manufacture. Work on grapes in India has been 
largely a matter of improvement in cultivation methods, mcluduig 

treltiLnt of diseases. Introduction of 
^ninsulBT India has not been very succeasM. Certain 
produced in Poona are promising. In ^orth.Westem India there 
is more scope for the trial of foreign varieties but tlio 
varieties and especially the little seedless grape, the take 

a lot of beating. In the Punjab eerUin crosses between Indian anri 

foreign grapes have been made. . . 

The papaya is a typical tropical fruit and offers a aenes of 
perplexing problems which are now being tackled. It is normaUy 
diacious (^th male and female trees) but all sorts of mtersores 
exist, some with most peculiarly shaped fruits. We know nothing 
of the inheritance of its sex and nothing of the inhonUnce ot good 
fruit characters. Papaya fruits vary enormously. The best are 
delicious, the poorest are insipid mush. The cultural prob ems 
are being investigated at Sabour (Bihar) and the cytological problems 
by Kumar at Poona, both activities being financed by Impenal 
Council of Agricultural Research. 

Other fruits now on the research list are pineapples and bananas. 
India grows fair pineapples and this cultivation could bo largely 
extended, Experimental work on pineapples is being conducted 
at Kumta and Ratnagiri in Bombay^ at Krishnagar in Bengal 
and elsewhere. 

Bananas are widely grown and there is a very great variety 
of these. Just north of Bombay, along the coast, there arc miles 
of banana gardens. There may be found the delicato little Scntkel 
(golden banana) and the large coarse red banana {Tambda). There 
is also a dwarf typo, the Basrai, of which the fruit retains its green 
colour even when ripe. Its hardiness as a tree and its good packing 
qualities as a fruit have made the cultivation of this type spread 
in many parts of India. In Madras we have an equal if not a 
greater range of banana types and at the Coimbatore Research 
Station the Systematic Botanist has collected, described and 
classified about 300 varieties. There seems no reason why, in time, 
some of these really excellent Indian bananas should not find their 
way into the Liverpool market, provided the necessary sea transport 
were available. 

There are a number of wild or semi-wild fruits in India, some 
of which have received attention from horticultural workers. The 
chief of these wild fruits is the bor or ber {Zizyphue jujuba) of which 
there are many forms of very differing fruit quality. It is compar- 
atively easy to bud ber, if the right method is used and a variation 
of the ring method answers well. 

There are also certain fruits little known in the European 
market that are deservedly popular in India , such are the Ckiku 
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{Achra$ sapoia) which grows to perfection on the coastal lands 
of North Gujarat in the Bombay Presidency, the phaha (Qretvia 
ae\(Uica) and the litchi {Ntphilium litcki) ; all are delicious. 

The manuring of fruit trees has naturally received a good deal of 
attention. Experiments in the Punjab have shown that bonemeal 
and sulphate of ammonia in conjunction with farmyard manure 
give the liighest yields. At Samalkota in 31adra$, it has been 
found that an application of potash increases the keeping quality 
of bananas. 

All the newer fruit experiments are being laid out on the 
East Mailing model and some Bast Malliiig and Meston fruit stocks 
are showing promise at Cbaubattia. 

As regards liorticultural literature^ outside the publications 
of the Agricultural Departments, the great standby has for years 
been Pirminger’s Mantial of Qardtning for Iridia, The book was 
first issued in 1863. The 6th and 7th editions were thoroughly 
revised and partly re-written by Bums. Macmillan in Ceylon pro- 
duced lus Earidbooh of Tropical Gardening and Planting in 1914. 
There has recently been a healthy output of practical horticultural 
handbooks in various Indian languages. 

XT. AORICOtTURAL ECONOMICS. 

There have always been writers on Indian agricultural eco- 
nomics. Some of their works are : — 

Moreland ’.s India at the Death of Akhar ; 

M. L. Darling's The Punjab Peasant in Prosperity and Debt 

(2nd ed., 1928) ; 

N. N. Gangulee's Problems of Bural India (1928) ; 

F. L. Brayne's many writii^s ; 

The studies of the Indian Village Welfare Association 
(London) ; 

Keatinge^s Rural Economy in the Bombay^Deccan (1912) ; 

N. G. Kanga’s Economic Organisation of Indian Villages 
(1929); 

and many others too numerous to mention. 

Recently scientific investigations using modem methods 
of enquiry have been carried out in Bombay whore a fully trained 
Professor of Agricultural Economics has been one of the staff of 
the Poona College of Agriculture since 1925. In the Punjab a body 
termed ‘ The Board of Economic Enquiry ' has financed and guided 
a great number of investigations of vill^e economics. Bengal also 
lias a Board of Economic Enquiry. Various independent organi- 
zations have also undertaken this work such as Tagore's Visbwa 
Bharati Institute of Rural Reconstruction at Shantiniketan and the 
Gokhale Institute of Politics and Economics at Poona. The latter 
Institute has received a small grant from the Imperial Council of 
Agricultural Research for the application of the survey method, 
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maiulv as a study of methcdology. to corfain agricultural prol.lcms 
in the Bombay l^esidency. The Professor of Agricultural Economics 
in Bombay and liis colleagues have devoted thciusclvcs very largely 
to cost stucUos in peasant farming and one of tho pihlioations p^ 
duced by them in recent years is Principle ond 
coilhig with Farm SludUs {1932) by P. C. Patil and f. B. P.vwar 
As an example of tho kind of work done m the Punjab, there 
mav bo mentioned tlie following :• — ‘ 

Farm Accounts in the Punjab (1032) by Kartar Sinjib ; 

Punjab Village Sunvf^, No. 4 (1(»32) by Kamllur Singh 
under tho superrision of W. Roberts; 

Family Budgets (1932.33) of Four Tenant Cultivators tn the 
Luallpur District (1U33) by Kartar Singli. 

(All pubbcAtiotis of the Punjali Board of Economic Enquiry.) 

Other studies of a similar type include a study of the financing 
of the cotton crop, one of tho earlier economic investigations 
financed by tho Indian Central Cotton Committee. There is now 
the very large ^larketing Section of tho Imperial Council of 
Agricultural Eesoarch with the Agricultural Marketing Advisor— 
A. M. Livingetone— as its head, wliicb recently publisliod its first 
intensive survey, viz., of wheat marketing. Surveys of tho market- 
ing of other crops are following in rapid succession. Other Depart* 
merits of Government especially the Co-operative Departments are 
deeply interested in Agricultural Economics. The journals of the 
Co-operative movement contain in almost every issue some studies 
of thi s important subj ect. 

In the Bombay Presidency fruit marketing liod been (previous 
to tins) the subject of study by both official and non*official agencies 
resulting in a Report of the Committee on the Improvement in the 
Marketing of Fruit and Vegetables in the town of Bombay, 1934 
(written up by G. S. Cheema and T. G. Sliirname) and A Survey 
of (he Marketing of Fruit in Poona by D. K, Gadgil and V. R. 
Qadgii. 

XII. CONOLUSIOV A17D AnT1C1PAT1027. 


The preceding eleven sections will, it is hoped, have given 
some idea of the manifold activities of agricultural research 
workers in India and of how these activities have grown from 
few to many and from simple to complex. 

Is there anything in the past history or tho present situation 
that can enable us to prophesy even generally the course of events 
in the future t We may perhaps venture a few forecasts : — 

(1) We may expect a greater and more effective co-ordination 
of agricultural research throughout India, at the same time leaving 
sufficient elasticity for the genius of individual workers and for 
adaptation to local conditions. The recently organis&ed meetings 
of dry farming research workers and horticultural research workers 
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in ^dia are indications of such a trend. In arranging such co« 
ordination the Imperial Council of Agricultural Research is bound 
to continue to play an important part. 

(2) We may also anticipate a much closer connection between 
pure genetics and plant -breeding with obvious advantages to both. 
This means the training of practical plant -breeders in advanced 
genetics and the utilisation by plant -breeders of the material of 
their plant- breeding work for the further advance of genetic theory. 

(3) We may look for a much closer connection between plant 
physiology and mycology, entomology and manuring. In all 
the work dealing with plant diseases and nutrition the necessity 
for a physiological background and a knowledge of physiological 
technique is becoming more and more apparent, while at the same 
time the sphere for the plant physiologist who is a plant physiologist 
and nothing more seems to be rather limited so far as agricultural 
science is concerned. 

(4) We may expect the still greater extension of the application 
of statistical method to all branches of agricultural research. 

(5) We may be certain of the development of a really large-scale 
organization of propaganda methods whereby the proved results 
of scientific investigation shall be quickly transferred to the 
cultivutittg population ; and finally 

(6) We hop© for the development of agricultural economics 
in such a manner as to give a clear lead to the ways whereby the 
lot— physical and spiritual— of the cultivator may be improved 
and the full benefit of scientific investigation may be allowed to 
reach him. 

Xlll. Bibliography. 

Plant bretdin^. 

BABS&ft. 0. A.— Studies in Indien eujtercAnefl, No. 2. Mem. Depi- Afjri. 
Ind., Bot. Ser., Vol. 8, p. 103, (1916). 

Ksctor, G. P.— Oorreletion of colour cheractere in rice. Mtm. Dept. Agn. 
Ind., Bot. Ser., Vol. 11, p. 133, (1922). 

HowAftO, Albebt and Howard, (Sabriedi-e. L. C. — On the inheritance of 
characters to wheat. Mem. Dept. Aari. Ind., Bot. Ser,. Vol. 1» p. h 
(1912). 

HuTOHiKaoN, J. B. AND Cmosb, R. L. M. — Studied in crop ecolofzy : The 
compodition of the cotton cropa of Central India and Raiputdina. Ind. 
Jour. Affri. Sci., Vol. 7, pp. 1-34, (1937). 

Lease, H. H . — Studies in Indian cotton. Jour. Oenetiee, Vol. I. pp. 205- 
272, (1911). 

Pal, B. P. and Takdon, R. K.— Typea of tobacco leaf .curl in N. India. 

Ind. Jour. Agri. Sei., Vol. 7, pp. 303-393. (1937). 

Parnell, F. R., Ranoaswamy Ayyanoer, G. N. and Rauiah, K. — Inlierit* 
ance of characters in rice* 1. Mem. Dept. Agri. //id., Bot. Ser., Vol. 9. 
p. 76, (1917). 

Rauakayran Ayyar, V.^A study of locular composition in Cambodia 
cotton. Agri. Bra. InH. Puoa Bull.. No. 178, (1928). 

Bauiah, K.— Genetic association between flowering duration and plant 
height and their relationship to other characters in rice. Ind. Jour. 
Agri. Set., Vol. 3, pp. 433-445, (1033). 



burns: AORICUI/TURE. 


183 


A « r* V Aawasla AyvAR. M. A., Haiviharajt* P. V. 

Rawqaswami Ayyanoaji, G. Nm charectArs to 

A24D RAJABflOOSHAHAiJ. D. S.— The rttotlOft 01 8WUV p ,1935). 

Spr^og.). M. 

Jour. Agri. Set.. Vol. 6. pp. 130-187. (1936). 

TaAJ>Asn. K. I.— Lin»<®g« reUlions m cotton pUnt. Agrt. Jour. Ind.. Vol. I . 

Sorghum. /«<^. Jour. Agn. Sci., Vol. 3, pp. 609-62 j. ( 1 93i). 
VskkatIwman, T. S. aki. Thomas. R.;^ug*rc»no-Sorghum Hybrid, Ind. 

Jour. Agri. Set., Vol. 2, pp. 19-27. (1932). 


Plant JUtau duo to Fungi. 

Hrt*** s R— III. Fungi of Bengal. Polyporaceie of Uongal, Port III. 

Bull. Carinkhaet Med. Coil.y Bdgachia, Vol. 1. pp. 1-6. 

BUTLSR, B. J.— An account of the gonus Pythium ®nd iomo Chytridiace*. 

Jifem. Dtpt. Agri. Jnd. Bot. Ser.. Vol. I, Part 6. (1907). 

Butler. E.J. — P«ngi ortd d?«flae m p/on'a. Calcutta, (1918). 

BUTLSR. E. J. aim Bisav, O. R.— Tho Fungi of India. Imp. Coune. Agri. 

Rea, Ind. 5ci. itforiogr., Vol. I. (1931). i. t • u 

C«auDHumi, H. am> SacaaB. O. S.— A atudy of tha fungua flora of tho Punjab 
soila. Ann. Afyc., Vol. 32* pp. 9(K1(X>, (1934). 

DaaxuR* J. F.— On Phytopldhora paraoitiea. nov. aj^.* a now diaoart of tho 
castor oil plant. Afem. Oopt, Agri. Jnd. Bot. Ser., Vol. 6, pp. 177-231, 
(1913). ^ .. 

KvLgA*yi. a. 8.--Smuta of Jowar (Sorghum) in tbo Bombay Presidoncy. 

Agri. Rea. InM., Puao. Bull. No. 78. (19)8). 

MoRat. \V. ant> Suaw, F. J. F. — Influooco of manures on the wilt diseaaa of 
Cajanut indicuo Spreng. and the iaolation of types resistant to the 
diaaaso. Imp. Counc. Agri. Boo., Iiui. Sei. Monogr., Vol. 7, (1933). 
Mbbta. K. C.— Rust of wheat and barley in India : a study of their annual 
tecurreace, life histories and physiologic forms. Jnd. Jour. Agri. Set.. 
Vol. 3. pp. 939-963. (1933). 

MrfRA, M. — Morphology and parasitism of Acro<Aecrum ponniofti, n.sp. (a 
new disease of Pennasetum typhoideum). Afem. Dept. Agri. Ind. Bot. 
Sor., Vol. 11. pp. 67-74. (1921). 

Naaasiuaa:^. M. J. — Studies in the Genus Phgtophthora In 5fysore. I. 
HeterothaUie strains of Phytophthora. Phglo/Mih. Vol. 20, pp. 210- 
214,(1930). 

PaL. B. P.—Typm of tobacco leaf. curl in Northern India. Jnd. Jour. Agri. 
Sei., VoL 7. pp. 363-393, (1937). 

Vasunssa, R. S.— StudSea in the root .rot disease of cotton in the Punjab. 
1. Symptoms* incidence and cause of the disease. Jnd. Jour. Agri. 
Sei., Vol. 6. pp. 496-612, (1936). 

WisTON* W. H. (Ja.) ARP Uppai.* B. N.— The basis for ScUrospon oorghi 
as a species. Phytopatk. Vol. 23. pp. 673-586, (1932). 


Inoect Reefs of Crop Planto. 

Atyab, T. V. R.— A contribution to our knowledge of South Indian Coocids 
(Scales and Mealv bugs). Agri, Res. Jnot. Puaa, RuR. No. 197, pp. 1-73, 
(1929). 



184 


PKOGBBSS OF SCIENCE IN INDIA. 


Ayyat., T. V. R. — ^Host plant index of Indo ‘Ceylonese Coccid*. /mp- Ccunc. 
Affri. Be4. MUc. Bull., No. 4» (1933). 

Fletcher, T. B. — Life histories of Indian insec te. Microlepidoptora. Mttn 
Dept. Agri. Ind., Vol. 6, (1020). Imp. Counc. Agri. Be4. Sci. Monoor . 
Nos. 2 and 4, (1932 and 1033). 

Fletcher, T, B. and Gb09h, C. C.— Borers in sugarcane, rice, etc., Bull, 
Noe. 102 and 134. Agri. Bee. /naT. pp. 354-417 and 105-136, 

am and 1022). 

Fletcher, T. B.— Life histories of Indian Insects. Microlepidoptera. Imp. 

Counc. Agri. Rea. India. Sei. Monogr., Noa. 2 and 4, (1932-33). 

Hvsaim. M. a. ANr> Rconwal, 31. L. — Studies on Schiefoccrca gregaria Forek. 

Ind. Jour. Agri. Set.. Vol. 3. pp. 639-645, (1033). 

Mason. C. W. — The food of birds in India, ilem. Dept. Agri. Ind., Vol. 3, 
pp. 1-371, (1012). 

Pruthi, Hem Sxnoh. — S tudies on Indian Jauid». PU. I-IXI, Afe»i. Ind. 
.\fu4., Vol. 11. pp. i-131. (1030-36). 


Agricultural Chemistrg. 

Harrison, W. H. ant> Azyea, P. A. S. — Gases of swamp rice soils. Mem. 

Dept. Agri. Ind. Chem. Ser., Vole. 3-5, (1913-20). 

Leather. J. W.— Water requirements of crops in India. Mem. Dept. 

Agri. Ind. Chem. Ser., Vol. 1, pp. 133-164, (1912). 

Leather. J. ^V.-»Recor^ of drainage in In^a. Mem. Dept. Agri. Ind. 
Ckem. Ser., Vol. 2, pp. 63-140, (1913). 

Mukerjee, J. N. et ^.—On the nattire of reactions responsible for soil 
acidity. IT. Iml. Jour. Agri. Sci., Vol. 2, 636-666, (1032). 

Ptnu, A. N.— Studies in soil colloids. Mem. liept. Agri. Ind. Chem. Ser., 
Vol. 11. (1930). 

SABASRAJBVnn&E. D. L. AND Daji, J. A.*— NitrogOD recuperation in (he 
soils of the Bombay Deccan. Mem. Dept. Agri. Ind. Chem. Ser., Vol. 8, 
pp. 63-68. (1025). 

View A Nath, B. and Aytae. S. E. — Studies In the ohemistry of sugarcane. 

Mem. Dept. Agri. Ind., Chem. Ser., Vol. 7. pp. 123-144. (1924). 

ViswA Nath, B. and Sr ry an ahaYaha, U. — The effect of manuring a crop 
in vetfetative and reproductive capacity of the seed. Mem. Dept. Agrt. 
iyvi. Chem. Ser.. Vol. 9. pp. 86-124. (1927). 

ViswA Natk. B. — Food requirements of crops with reference to South Indian 
soils. Ind. Jour. Agri. Sci., Vol. 1. pp. 495-502, (1931). 

WiLsnoN, B. H. — Studies in Soil Moisture. Mem. Dept. Agri. Ind. Ckem, 
Ser., Vol. 6. pp. 165-186, (1920). 


Agricultural Sngtnctring. 

Allan, R. G. Remarks on primary cultivation under Indian conditions, 

with Special Reference to Soil Inversion. Agri. Liveefock India, Vol. 6, 
pp. 351-381, (1935). 

Charley, N. G. — Administration Report of the Research Engineer, 1931*32. 

Report of the Subordinate Officere of Madrae Agri. Dept., 1931*32. 
Chatthrton, a. — W ater lifts. Agri. Joum. India, Vol. 6, pp. 234-246, 
(1911). 

Olouston, D. — Agricuituro and mcehanicel engineering in India. Agn. 

Jour. Ind., VoT. 21, pp. 471-474, (1926). ^ 

Henphrson, G. S. — New agricultural implements for India. Agn. Bee. 
Inet. Puta, Bull., No. 73, (1917). 

MnxER Bbownlte. T. A. — Mechanics of tillage impleraente. -4gri. Jour. 
India, Vol. 17. pp. 119-126, (1922). 



BTTRjrS : AGRICTOTUBE. 


1S5 


Pfan( PhifiMoo^ and Bicchanisiry. 

B — A — StudiM in Indian sncarcnn#*, No. 5. On testing the suit* 

!wity of si^rcana varieli« for dfffoi^nt locah.i« by sy^tom of 

y.— The i.itoko of niltopen l).v tiio r'.<.’ 
°“Tnu6w» Jei-r. Aori. S,i.. Vol. 3. pp. lo7-3...-;, I ID33I. 

HiBBuSV w H lU SaMA^viVAJl A.ver. P. A.-Tho p—s of .«-..n.|. 
rice wiU, their eompoeition end '^eir reUi.on lo tiic crop. Mew. De,.i. 
^ari. /n<f. CA«m. \ol. 3. pp. Oo-l'lh.ilJiai- 

HOWABD. A.— The effect of gress on Proc. H“}l. V’'.',*,’- 

No. B 683, (1023). Raprodu«‘l \n Ag't> Jour, htd., \ ol. 20. pp. ..o«» 

Sikgb. S. B. aso Pan-de. T. D—Tl.e gronti, of cottoi. 
in India. I. The reUtive growth rate during auccciiivc periods of 
growth and the telatio.. between growfli ™te and respinxio^ index 
throughout the life cycle. Ann. Bor.. \ ol. 39. pp. -81-331, (lO-c) 

SiHOB. b7n. A.ND SrsoB. B. R.-Oroijth and water requ.rernent of cr..p 
pUnU in reUlion to soil mortture. Proc Jnd. Acad .Sei.,\ ol. 4, pp. 

A.— Chemical atudiea on safflower *ee«l an^l its germination. 
Af«m. Dipt. Affri. Ind., Ch<m, 6>r., Vol. 0, pp. ;^3-243, (1023). 

ViswA Nath, B. asd SWAStASiAYAyA, M.— Tba effect of manurmg a crop 
on the vegetative and reproductive capacity of the seed. ilJcm. Uept. 
A^ri. Jnd. Chtm. Str., Vol. 9, p. 85, (1927). 


Tht Appl'ication of Siatiitico to Agricultural BxptrimcttU. 

Bosk, K. D.— Application of modem statistical methods to field trials. Agri. 

Livtotock /vu/io, Voi. 3, pp. 338-340. (1033). f ^ 

HuTCHTXSOi?. J. B. Aarp FASfse, V. G. — Studies in the technique of field 
experiments l-UI. Ind. Jour. Agri. Sci., Vol. 5, pp. 523-338, 545—563, 
654-668, (1938). ,, ^ 

^lAHALAKOBis, P. 0. — Statistical notes for agricultural workers. Nos, 3-17. 

Jnd. Joum. Agri. Sci., Vol. 2-6, () 032-36). 

U^yor^. B. B. — The osleulstion of probable error of Mendel ian ratios. 

Ind. Jour. Agri Sei., Vol. 2, pp. 42-Uo, (1032). 

Saybr, W., VAXCYAyATnax, M. AifD Iypr. S. S. — Ideal sizo and shape of 
eugaresne experimental plots based on tonnage experiments at Pusn. 
Ind, Jour. Agri, Set., Vol. 8, pp. 684-714. (1038). 

VAiDYAyAJBAy, M. — On the mathes^tical probable error as applicable to 
field experimente in agriculture. Jdadrao Agri, Jour., Vol. 18. pp. 173- 
203. (1930). 


Fodder Produrtion. 

BvKve, W., StTLKAiun, K. B. Axn Godbox.e. S. R. — Tlie improvement 
of grassland in Weelem India. Metn. lUpt. Agri. Ind. Dot. Scr., Vol. 14, 
p. 926. 

Busy 8, W. KvLKAJua, K. B. a^cp Goneoxs. S. R — Grassland problems in 
Western India. Bom. Dtp/. Agri. Bull., No. 171, (1933). 

Cloostom, D. and pLTKsnr, P. J.— Principal fodders in the Central Provinces 
and Berar including tbe small b^boo. Agri. Jour. Jnd., Vo). 15, 
pp. 380-386. (1020). 

Howaro, a.— I mprovement of fodder production in India. Agri. Jour. 
2nd.. Vol. 11, pp. 391-303, (1916). 

MACESwrarA, J. — Notse on the fodder problem in India Agri. Jour. 2nd., 
Vol. 9, pp. 38-68 and 349-355. (1914). 



186 


PBOGRESS OF SCIBKCE IK ZKDIA,. 


Makk, H. H.— Fodder crops of Weetem Indie. Bom^ Dept. Aari. Bull,, 
No. 100, (1921). 

Ramiah, P. V. — South Indian fodders. Madras No. 33, (1932). 

Sayer, W. — Fodder and forage crops at Pusa. Agri, Livtetc^ India. VoL 6, 
pp. 510-626, (1936). 

Sethi, D. R. akd Ray, S. B.— ^Tattle impro\*ement and cultivation of fodder 
crops in Orissa. B. and O. Bull., No. 1. (1928). 


Fruit Culture. 

Browx, a. R.^Tbe orange, a trial of stocks at Peshawar. Agri. Bee. 

Puea Bull., No. 93, (1920). 

BuHMS, W.— First experiment in the treatment of grape'Vine mildew in the 
Bombay Presidency. Bom. Dept, Agri. Bull., No. 36. (1910). 

Cbeeua, O. S. amx» Bkat, S. S. — Die* back of citrus trees and its relation to 
the soils of Wealcm India. Bom. Dept. Agri. Bull., No. 155, (192$). 
CsEBMA, G. 8. AND Dani. P. G. — Report on the export of mango to Europe. 

Bom. Dept. Agri. Bull., No. 170. (1934). 

Gandhi, S. R. — Investigations in fig culture and treatment. Bom, Dept. 
Agri. BuU., No. 117, (1924). 

Howard, A. — Fuat report of the fruit experiments at Pusa. Agri, Bee, Inel. 
Pusa Bull., No. 4, (1907). 

KuuAANi, L. B. — Investigations on papaya. Agri. Jour. Ind.f Vol. 0. 
pp. $$4-388. (1914). 

Ufpal, B. N.. Chebua, G. S. and Kauat, M. N. — Powdery mildew of 
grapes and its control in Bombay. Bom. £>epr. Agri, Bull., No. 163, 
(1930). 

Waolb, P. V. — Studies in the shedding of msngo flowers and fruits. Af«m. 
Dept. Agri. Ind., Vol. 15. No. 8, Ft. 1. (1928). 



PROGRESS OF VETERINARY RESEARCH 
DURING THE PAST TWENTY-FIVE 


IN INDIA 
YEARS. 


By 

F. Wabb. C.I.E., 

DirecloT, Imperial Veterinary Beaeareh IneliluU, Muklesar. 


Conte HT» 


I. Gener«) RemArka 
n. Baeuriology and ImmunoJogy 

(o) Rinderpest . • • • 

(6) Hemorrhagic Septicemia 

<c) Anthrax 

<d) Black .quarter . . 

(«) Tuberculosis . . 

(7) Johne'a Disease 
(e) Bovine Abortion 
(A) Bovine &Iastitie 

(0 Bovine Lymphangitis 
(!) Sbeep and Goat Diseaeee . . 

(k) Glandeia 
<0 Strangtaa 

(m) Equine Abortion 

(n) Equine ^mphangitis 
( 0 ) Poultry Diseases 

(p) CanifM Diseases 

III. Protozoology 

<a) Suita 
(6) Dourine 

(ei Bovine Piroplasmoais 
(d) Canine Piroplasmosis 
(s) Equine Plroplasmosls 
(/) Other Piroplasroosee 
(p) Thellsriasis 

(A) Anaplasmosis . . . . 

(0 Leishmaniasis . . 

<^*) Goccidiosis 
(A) Afii<nbissis 

(I) Buffalo-Ualarla 

(m) Spirochetosis 
<n) MisceUaoeous . . 

IV. Entomology 

V. Hebninthology 

VI. Animal Bleeding and Gmetics 
Vtl. Animal Nutrition. . 

VIII. BibUograpby 


page 
.. 187 
. . 191 
.. 192 
.. 194 
. . 195 
.. 199 
.. 197 
.. 199 
.. 200 
.. 201 
.. 202 
.. 202 
.. 203 
.. 204 
.. 206 
.. 206 
.. 200 
. . 207 
.. 207 
.. 208 
.. 210 
.. 210 
.. 2)0 
211 

.. 2)1 
.. 211 
.. 213 
.. 218 
.. 213 
.. 214 
.. 2U 
.. 214 
.. 215 
.. 215 
.. 219 
223 
.. 229 
.. 232 


I. Gbnbbal Rsuabss. 

In introducii^ a review of Veterinaxy Research for the past 
25 years one is immediately faced with the problem as to what 
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particular subjects should be included within the purview of such 
a review. Should one confine the term Veterinary Research to 
those sciences which may be described as falling under the com. 
paratively restricted terms of Animal Pathology' or Animal Medicine, 
as was the tendency at the commencement of the period under 
review, or should one look upon Veterinary Research as including 
all those sciences which form the backgroimd of the more com. 
prehensive terms of Animal Health or Animal Husbandry ? 

The decision has been made in favour of the latter, for of 
recent years it has become only too apparent that medicine, either 
liuinan or veterinary, cannot advance alone, but must be accom. 
panied by concurrent researches in the sister sciences of genetics 
and nutrition, if sound and lasting progress is to be made. 

The importance of good animal husbandly to such an exces- 
sively agricultural country as India, in which cattle are the chief 
motive power, besides supplying milk and ghu to a diet which is 
otherwise largely vegetarian, is too obvious to need further stressing, 
and the fact that she baa hten overrun from time immemorial by 
some of the most devastating cattle plagues existing no doubt led 
to the concentration of effort which is noticeable in 1911, the 
year when this review commences — to provide means of combating 
these plagues. 

At that time some practical cattle breeding was in progress, 
notably on Government farms at Hi.ssar and Cbbarodi, by the Civil 
Veterinary Departments of the Punjab and Bombay respectively, 
and the now famous Puaa herd of Sabiwal cattle bad been established 
at the Imperial Agricultural Research Institute, but most attention 
was being paid to the development of the Imperial Veterinary 
Research Institute, Muktesar, for the prevention of contagious 
diseases amongst animals, and it is interesting to note that it was 
in loll that use was first made of plains buffaloes at Bareilly for 
the preparation of anti-Rinderpest serum, and the initial steps 
were taken for the purchase of the Izatnagar Estate near Bareilly, 
which is now being rapidly developed as a branch of the Muktesar 
Institute, for the location of sections dealing with the commercial 
preparation of biological products. Animal Xutrition and Poultry 
Research. 

The total number of doses of sera and vaccines issued from 
the Muktesar Institute for the prevention and diagnosis of animal 
diseases in 1910-11 was 6*34 lacs. This quantity rose to 35*16 
lacs of doses in 1920-21 and reached its maximum of 75*80 lacs in 
1929-30. As some of the provinces have now made arrangements 
to prepare their own biological products, particularly Rinderpest 
vaccine, the issues from the Muktesar Institute are now falling 
again and amounted to the comparatively small total of 37*28 lacs 
of doses in 1935*36. 

Jt will thus be seen that the Muktesar Institute, by reason of 
the great demand for its products from the different provinces and 
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States and also the ililitary Departiuent. inevitably developed 
toto an enormous production centre, and until a few years ago theie 
was a great danger of its research activities being seriously interfered 
with ^By transferring all the work connected with the manufac- 
ture of its major products to l7atnagar this difficulty has now been 
overcome but in evaluating the i-esults of the Jluktcsar Institute 

the facts recorded above should be borne in mind. 

Actually the results of a research institute may quite legiti- 
inaUly be considered under two heads, viz. : — 

{a) the output of scientific literature, aud 

(6) the application of laboratory results in the field. 


Under the first head, for the reasons given in a preceding 
paragraph the pubUcations of the Muktesav Institute have been 
somewhat spasmodic, but since research workers at Muktesar have 
been organized into appropriate sections and relieved to a large 
extent of any work in connection with the manufacturing side of 
the Institute, the number of scientific pubUcations has steadily 
increased and their subject matter now covers a very wide field. 

It is in connection with (h>, however, that the most striking 
success during the past 25 years has been obtained, and in the 
matter of disease control, particularly of the major plague 
Rinderpest, it may be claimed that Veterinary Research in India 
has produwd results comparable with any other scientific service 
in the world. 

In this connection it should b© pointed out that at present 
there is no legislation in existence In India for the control of bovine 
contagious diseases, except some of limited application in Madras 
and Burma, so that the results have been obtained entirely through 
the development and use of biological products and the efforts of 
field workeie, whose numbers, for such a large country, have been 
and are still very smaU. 

The total number of gazetted staff employed in the Civil 
Veterinary Departments in India in IdlO-ll was 36, and this has 
gradually expanded to a total of 147 in 193o>36. The subordinate 
staff employed in 1910-11 amounted to 955, which number has now 
been increased to 2,085, but it will be seen that this is still far short 
of what is required for the proper application to the field of the 
results of Veterinary Research throughout the whole of British 
India. The Royal Commission on Agriculture of 1927 placed the 
amount of Veterinary staff required for British India at 300 officers 
and 6,000 subordinate staff. 

Research into the cause and prevention of animal diseases 
has not been confined to the Muktesar Institute. During the 
second half at least of the period under review, considerable atten- 
tion has been paid to these problems at the laboratories attached 
to the provincial Veterinary Colleges, notably in Lahore and 
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Madras, and when one remembers that the officers working in these 
laboratories have also to perform teaching duties, it will be admitted 
that their contributions to science have been no small aocompUsb- 
ment. 

During the same period Veterinary Serum Institutes have been 
established by the Mysore and Madras Governments for the manufac* 
ture of sera and vaccines used locally, and more recently the 
Imperial Council of Agricultural Research has given a hllip to this 
subject by providing the funds for a Veterinary Disease Investigation 
Officer in each British Province and Hyderabad State. This team 
of field investigators has brought to light a large amount of new 
material awaiting deeper study by properly equipped research 
institutes, not only in matters relating to epizootic and enzootic 
diseases, but also in the nutritional field and in connection with 
breeding problems. 

The science of Animal Nutrition did not attract any attention 
in India until the comparatively late date of 1913, when as a result 
of a recommendation of the Board of Agriculture, a movement 
was set on foot to recruit a Physiological Chemist to undertake 
researches in this subject. Unfortunately it was some years before 
this officer was able to commence work, so that the output of litera- 
ture in this science has not been very great, but this is an omission 
that is likely to be rectified in the near future, for arrangements 
have now been made to set up an organization which should soon 
be in a position to supply more adequately the needs of the country 
in this subject. The Central Institute for Animal Nutrition Research 
will be located at Izatnagar as a Section of the Imperial Veterinary 
Research Institute, thus bringing together workers on both the 
normal and abnormal processes of the animal body, and research 
stations for the investigation of more local problems will be located 
at Coimbatore in the south, Lyallpur in the north, and Dacca in 
the east. 

A reference has already been made to some of the earlier efforts 
to improve the indigenous breeds of cattle in India, and the number 
of cattle farms has steadily increased throughout the period under 
review, The work being done, however, must be considered as 
largely practical in character, devoted either to the production of a 
good working bullock, an economic milch cow, or in some cases 
both, and It has not yet been possible to set up an Institute of 
Animal Genetics where a more scientific study of the many problems 
involved might be investigated. 

For the preparation of the more detailed accounta which follow, 
great help, which is gratefully acknowledged, has been receiv^l 
from the following gentlemen: — Mr. Wynne Sayer ; Dr. K. C. 
.Sen ; Mr. J. F. Sliirlaw ; Captain S. C. A. Datta ; Dr. H. N. * 
Messrs. Kiazul Has.wi ; S. K. Sen ; P. R. Krishna Iyer ; and H. D. 
Srivastava. 
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During the earlv part of the period under review, the Impenal 
Veterinary Research Institute existed primarily as a scrum Institute 
concerned with the eradication, or control, of that scourge of 
cattle in tropical and semi-tropical region^Rmderpcst. But 
while Rinderpest always maintained its place of importance, practi- 
cally everi* disease to which animal flesh is heir has come into tlic 
6e!d of bacteriological research at Muktesar, some xvith an intensity 
governed by the critical needs of the moment, others witli a slower, 
but none the less praiseworthy and persistent attempt at elucidation 

and control. . 

Naturally, in a country where the bovine in all its expressions 
of productivity is fundamental for existence, the activities of research 
have been primarily directed towards the control, and. where 
possible, tho eradication of bovine disease, but the following review 
^show that where animal disease has existed, no matter what the 
species of animal affected, or the economics of the situation, the 
Institute has rapidly come into the field with a helping hand. 

It is an invidious task to try and decide wliich advances in 
the subject of immunology during the past 25 years can be attributed 
solely to researches carried out in India, except in the case of 
those diseases peculiar to the animal population of this country. 
It is gratLf 3 iDg to note, however, that the services rendered by the 
very meagre veterinary personnel all over the country have been 
immense when viewed in the light of the magnitude of their task. 
In spite of there being a large variety of impediments and obstacles 
in the way of success, such as the peculiar, inherent, ethical senti- 
ments of the average livestock owner in India and his gross ignorance 
of the method of preventive inoculation as a means of control, 
which tend to produce in him a strange psychological state of inertia 
and apathy towards veterinary innovations, coupled with want of 
sufficient staff and funds and absence of suitable legislative enact- 
ments for the control of the movements of livestock, the evidence 
grows in volume and trustworthiness every year that the progress 
achieved in veterinary immunology, both in the laboratory and in 
the field, has been consistent, if nothing more, with the facilities 
available from time to time. 

The laboratory work baa been done almost entirely at the 
Imperial Veterinary Research Institute, Muktesar, with the help of 
seme valuable ad^tiona carried out in the provincial laboratories 
attached to the Veterinary Colleges of the Punjab, Madras and 
Bengal and the Mysore Serum Institute, The researches conducted 
have been of an essentially practical and economic rather than of 
an academic character and the Impenal Institute of Veterinary 
Research was soon transformed ftom the pure research laboratory, 
that it was at ita inception, to a large sc^e manufacturing under- 
taking, producing, with ae simple and humane a technique as 
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possible, cheap and efifective sera, Taccines and diagnostic products 
issued with full instructions for their us© to the field yeterinaiy 
authorities. 

It is not possible to deal, in full justice, with the progress 
made in all the various spheres of veterinary preventive medicine 
within the compass of a few pages, but, in what follows, an endeavour 
is made to present the most outstanding advances effected in the 
control of some of the more important contagious maladies of live* 
stock in India. 

A word may be said here in regard to the various products 
that have been devised to combat such diseases. These fall into 
two well-defined categories 

(o) Prottctivt 9ub9tancts — such as anti-sera, vaccines, and 
living, virulent or attenuated viruses, which afford a 
temporary or a more or less permanent immunity 
against the specific organisms, and 
(6) Di(tgno9lic agtni9 — such as tuberculin and mallein, which 
act through the development in the Infected animals 
of a bypersensibility to the proteins of the specific 
organisms. 

In addition, certain serological tests based on well-known 
immunological principles, e.g., the agglutination test, are also 
employed to determine the incidence of some diseases. 


(a) Binder p€9t. 

This disease, which is of jjaramount importance to livestock 
owners in India, has formed the major problem for investigation in 
India throughout the period of review. The endeavour so to alter 
the natural soil that the seeds of disease, far from destroying it, 
shall actually improve its quality, is the aim of modem prophylaxis, 
and the present conception is that ‘no animal need die of Rinderpest . 

Antiserum in this country was first prepared in 1899 by 
Rogers, following closely upon the work of 
Antiserum Turner and KoUe in South Affica, by using 
hill bulls as serum producers; later, plains cattle, and then 
buffaloes were introduced. The Serum-Alone method, which was 
once a very popular method of combating the disease, is now 
going out of fashion, though the present method of preparation 
has almost reached perfection in the matter of obtaining a 
liighlv potent product free from external contamination. Mi 
attempts at satisfactory cultivation of the infective agent 
the body having failed, each brew of serum manufactured is test^ 
for safety and potency on hill bulls infected with a known dose ot 

the virus. , . . x- ^ i,a« 

Among a host of other points, much precise mformation nw 

been obtained upon the relative susceptibility of different breeds 
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and eUsses of cattle to rinderpest and the amount of serum required 
to protect them against it, the most suitable conditions afecn > 
for the preservation of serum, the anti-body content of different 
fractions^ of serum proteins, and the effect of lient on Rinderpest 
immune bodies. Researches upon the fractional jirecipitation of 
tlie immune bodies have been conducted intli a vieiv to concentrate 
the serum for economy in transport and for standardization of it. 
potency, and it has been found possible even to desiccate the seruni 
completelv Tintbout appreciable loss of potenej'. * , *1 

Very extensive researches have been conducted to study the 
biological characteristics of the infective agent 
'^**’“* and the effect of various factors on its viability 

outside the body, with a view to obtain information to enable 
its being sent out to long distances from ‘ virus stations in a 
living, virulent state for purposes of active immunisation. The 
virus can easily be propagated in susceptible cattle, but the 
blood of these animals when used in the immunisation of stock 
b}' the well-known and highly advocated ‘ Serum- Simultaneous 
method ’ for the conference of an active, lasting immunity', 
is attended with a serious risk of conveying other blood parasites 
(piropUsms) which bring about a fata! intercurrent infection in 
the inoculated animals. Determined efforts were made by Edwards 
at Muktesar to implant the virus in hosts other than cattle 
(rabbits, goats) and it was as a direct result of these intensive 
researches that we now have the so-called ' fixed goat virus *, wluch 
is not only free from bortne piroplasms, but is also a much attenuated 
form of the virus. Consequently, the protective dose of serum 
required against this form of tlie virus is negligible and it ha^ already 
been applied in several Provinces on an extensive scale as a vaccine 
without any quantity of antiserum. This has simplified the 
technique of operation and reduced considerably the cost of im- 
munising cattle against rinderpest, and it is expected that in the 
coming years more and more animals will be subjected to inimunisa- 
tion by this method. 

The general experience after extensive trials in this country 
Vaccines vni\x various vaccines, such as Kelscr’s chloro- 
form vaccine, Daubney’s formal in ised vaccine 
and Gerlach*8 dried vaccine, during the early part of the last 
decade, was that the administration of vaccines which produce 
a reliable immunity is attended by a considerable amount of 
risk, in that a certain proportion of animals so treated may develop 
a severe or even fatal infection, whereas in those cases where the 
vaccine is safe, the immunity conferred is unreliable and of 
comparatively short duration. 

The system of control of rinderpest recommended for 
Immunitv adoption in India has been to eliminate the 
Researches disease not by killing the diseased and in- contact 
animals, as was done in South Africa and 
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other countries, but by raising the natural resistance of susceptible 
animals to the disease by the most reliable and economic 
methods of conferring an active and lasting immunity. From 
extensive researches conducted at Muktesar and from' the vast 
number of immunisation o]>crations carried out in the field, a 
large vohime of evidence has been collected on the best methods 
of immunising stock, the nature and duration of immunity conferred 
by variotjs forms of the virus, the nature of the immunity following 
upon different grades of reaction undergone by the animal at the 
tinje of immunisation, and the importance of age, breed, and 
various other factors in determining the quality of the immunity 
produced. Information has also been gathered on the susceptibility 
of very young calves to the disease, the inffuence exerted on the 
natural resistance of calves by immune dams as compared with 
non- immune dams, and the optimum period for reinforcing immunity 
in calves immunised at ver 3 ' 3 'oung ages. 

( 6 ) Hcemorrha^ie StpticantM. 

It is a matter of conjecture whether Rinderpest or Hiemorrhagic 
Scpticfemia is the more important bovine malady in India. 
Certainly these two diseases vie with each other in importance as 
fatal diseases of cattle causing serious economic loss. One i mportant 
aspect of haemorrhagic septicaemia is that it frequently occurs at 
that season of the year when the farmer most needs the services 
of bis draught bullocks and the calamity ensuing on an outbreak of 
this disease in an agricultural community can readily be under- 
stood. 

The history of the activities of Muktesar is, therefore, intimately 
linked up with the history of hemorrhagic septicemia, and one 
can look back on the past with satisfaction and to the future with 
increasing confidence, that the application of research devoted to 
this disease problem has resulted in far reaching methods of control, 
which, if judiciall.v applied, will give the humble peasant toiling in 
the field, a reasonable securltj' of existence. And to the owner 
of larger herds, in which individual animals are of greater intrinsic 
value, and the conservation of which is of immense importance 
if any progress in the raising of pedigree stock is to be made, the 
prospects of success are even greater. 

The Imperial Institute, as the result of its researches into 
hsemorrhagic septicemia, is in the position of being able to issue 
two highly satisfactory biological products for use in the field. 
The first and tlie most frequently used is an anti-serum, first pre- 
pared from cattle by Lingard in 1905, and now prepared from 
buffaloes by hyper- immunisation with selected strains of the causal 
organism of this disease. These strains have been recovered froro 
natural outbreaks in the field and represent the average types of 
infection to which cattle are susceptible. The ultimate proof of 
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the efficacy of aucL an anti-serum exists u\ tlie lioiiuiiid Jor jt, 
and this demand has shown a steady increase* siiur tlju tunc !i 
was first made available. 

\ second line of attack in this disease, an<l ono <d is|ual ment. 
is the production of a polyvalent vaccine. .Scrum treatment ot 
animals which are in contact w'ith the disease, vulnahlc* llion^di it l)c 
to tide the animals over the critical phasc‘s of infection, confers im 
degree of immunity sufficient to protect a herd dnrinjz a seasonal 
outbreak which mav extend for three months or slifrlitly more. It 
is for this reason tlmt a vaccine has boon ovo{vc<l. Tliis vaccine Is 
prepared from selected strains of the organ isnus isolated from 
natural outbreaks and is therefore polyvalent. When occasion 
demands, e.g.. w'hen it is known that disease in an area U due to 
one particular strain, as occasionally happens, a single strain vaccine 
(monovalent) may he manufactured to mec‘t the needs of tin* 
occasion. The use of this vaccine confers a valualik* degree of 
immunity in cattle herds exposed to infection, ami the degree oi 
immunity induced is generally sufficient to protect animals over 
one season. 


(c) An/hrax, 

Anthrax, as is well known, usually occurs in a sporadic 
form, but in this country virulent enzootic outbreaks arc some- 
times encountered and this has raised a most difficult problctn from 
the point of view of producing immunity in .susceptible herds. 

Research into the problem of Anthrax control has been 
rendered difficult by the existence of many strains of the Anthrax 
organism. Strains, isolated from virulent outbreaks, have rapidly 
lost their virulence and antigenic properties when maintained 
under laboratory conditions. It has not been exceptional, for 
example, to encounter strains which become after a few subcultlva* 
tions on nutrient media, entirely apathogeiiic for the highly sus- 
ceptible laboratory animals used. Further, apart from the question 
of varying virulence and antigenic potentialities, it would appear 
that the range of susceptibility of farm animals in India is a wide 
one, and that any vaccine, to be safe, must be prepared strictly in 
accordance with the knowit variations in susceptibility. 

Every known method of immunity production — and their 
name is legion — has been given a generous trial under exacting field 
and laboratory conditions, and it would appear from this experi- 
mental work that Anthrax in India shows so niany peculiarities 
in expression of epizootiology that the problem of producing a 
satisfactory degree of active immunity is well nigh insoluble. The 
difficulty baa been partially circumvented by the production of an 
anti-anthrax serum, prepared from cattle. That this serum does 
yield a measure of protection is undoubted. The demands for it 
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from the field indicate its general usefulness and yet it cannot 
be considered an effective substitute for a vaccine which will confer 
immunity for a reasonable period, say one year. 

The year 1936, however, dawned on a more hopeful outlook, 
and it is hoped that the use of a spore vaccine, which has already 
been successfully exploited in other tropical countries like South 
Africa and Burma, may provide a solution to the problem of anthrax 
immunity, not only in the bovine, whose needs are primary, but 
equally in all species of animals. 


(d) Black-gxiarUr, 

Black -quarter— erroneously termed ‘symptomatic anthrax’, 
a di.sease with which it has no connection apart from the fact 
that it is a cause of sudden illness and rapid mortality — is wide* 
spread among cattle throughout India. The cause of the disease 
is usually stated to be an anaerobic organism, Clostridium chauvo$i. 
While it is generally accepted that this organism, one of the impor> 
tant gas gangrene group, is in the majority of outbreaks primai^y 
causal, extensive researches conducted at Muktesar agree with 
j'csearch in all countries where attention has been focussed on 
the disease, which have shown that Cl. chauvoei represents only 
one of a group of organisms which are capable of producing outbreaks 
of Black -quarter. Research has therefore been directed towards 
an accurate determination of the various species of an»robic 
Olga n is ms encountered in clinical Black -quarter and a considerable 
volume of accurate information has been gained. 

Unlike Anthrax, in no way do the varieties of infection and 
their clinical manifestations differ in India from those described in 
^^^estern countries. The relative incidence of infection of the 
\'arying types of infection is comparable, and as Cl, chauvoci is 
known to be the cause of roost outbreaks and sporadic case^ 
researches In the field of immunity have naturally been directed 
against disease caused by this organism. The fact must not be 
o>*erlooked, however, that in consideration of the losses caused by 
pathogenic anwrobes other than Cl. chauvoei, the Institute has 
kept pace with the steady progress exhibited among research 
workers of all countries where Black-quarter is rife and tins malady 
is accorded the degree of scientific attention which it pecuharly 

merits. --.11 

Two products, directed towards the control of Black -quarter 

in the field, a vaccine and a serum, are issued from Muktesar. 
Tlie vaccine is a formalini.sed spore-vaccine prepared from authentic 
Kti ains of Cl. chauvoei of Indian origin after the method of Leclain^ 
and Vallee in France. Tlie serum is a bj-perimmune one prepared 
fi'om buffaloes. That both products are of great value in their 
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particular sphere is amply indicated by their universal and increas,..« 
demand throughout India. 


(e) Tubercitiosis. 

In view of the increasing attention paid to the study of human 
tuberculosis during the last two decades and the well-known 
relationship of bovine and human tubercu osis tuberculosis <1 
animals has been a subject of intensive study. The opinion has 
been generally expressed that Indian cattle are rarely victims ot 
tuberculosis, if not relatively refractoiy in comparison with the catt le 
of Western countries. It is probably true that, under average 
conditions, where Indian cattle ace kept out of doore, little tuber- 
culosis exUts and the risks of spread through a herd are slight as 
compared with the cattle of Western countries, where tlio conditions 
are particularly favourable for the dissemination of infection. 
That tuberculosis, however, is not infrequent among Indian cattle 
maintained under the relatively ideal system of an open-air litc 
and that it is a disease to be seriously reckoned with in-housed 
and sUU-fed cattle of the cities, is a fact of increasing recognition 
and importance. Data concerning the incidence of tuberculosis 
in cattle in urban areas reveal a disquieting position, and while 
mammary tuberculosis may not have assumed the proportion and 
the significance that it has in cows in Western countrieSv the fact 
must not be overlooked that, apart from any disease of the 
an infected cow may excrete tubercle bacilli in the milk. 

The incidence of tuberculosis in cattle has largely been deter- 
mined from abattoir figures and although it Is not judicious to 
accept such figures as being representative of the average general 
incidence, they are sufficiently alarming to make us review o\ir 
opinion of the susceptibility of Indian cattle to the disease. As 
the results of carefully controlled tuberculin tests on closed herds, 
it has been found that the disease exists to a degree which warrants 
a very intensive investigation, and during the last two decades 
some very valuable data concerning the incidence and types of t lie 
disease have been collected from all provinces of India. 

Bovine tuberculosis must have existed in this country for a 
. long time but the earliest recorded case traced 

* so far dates back only to 1898. While the 

experience of the early workers indicated that the disease was very 
rare among Indian cattle, and the lesions were invariably minute 
in extent, localized in particular tissues, and retrogressive in their 
appearance, slaughter-house statistics ^collected in 1927 revealed 
an incidence of 16'28% and the figures of 1931 showed 21 '3% 
cx>w8, 23*6% buffaloes, and 31*6% bullocks as affected with gross 
lesions. The disease is no longer restricted to urban areas or to 
any part of the country, and numerous cases have now been 
detected among animals of all species. 
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Tilo first experimental inveMigation upon bovine tuberculosis 

Experimemal ^ started T^•ith the 

investigation researches of (Jlen Liston and Soparkar in 1917. 

The work was directed to obtain an explanation 
lor tlio alleged rarity of the condition, and while thev attributed 
jt to a natural resistance to the disease possessed bv Indian cattle, 
tlie later experiments of Sheatlier appeare<l to show a relatively 
low degree of virulence of tlie causal organism isolated locally. 
The subject w'as next di.scussed at a meeting of veterinary 
officers lield in C’alcutta in Februan' 1023. and by the Board of 
Agriculture at its meeting at Pnsa* In 1925. The latter body 
passed n resolution recommending certain steps to be taken for 
the prosecution of research on bovine tuberculosis, and in the 
meantime the Indian Research Fund Association had been persuaded 
to supply funds and to depute an officer for carrying out at Muktesar 
a Bovine Tuberculosis Inquiry for a period of fi ve years, 1933^1928. 

The experiments undertaken in this inquiry showed that while 
some of the indigenous cattle displayed a high resistance to the 
organism, others succumbed as quickly as European animals would 
have done under the same conditions, and It was found that generally 
speaking the indigenous breeds did not possess more resistance to 
the disease than animals possessing a large admixture of European 
blood. The organisms obtained from natural bovine lesions 
appeared to bo as virulent as those in other countries. The above 
inquiry added some valuable information to our knowledge but 
many important questions still remain to be solved. 

Evidence has been collected at iSIukte.*ukr from a Dairy Farm 
and two Remount Depots, and from two Zoological Gardens to 
show that after introduction of infection, a high incidence of clinical 
tuberculosis may develop in a herd maintaine<i under certain condi- 
tions of housing. In studies carrie<l out at hladras, a high incidence 
and generalized lesions were recorded among the conservancy 
bullocks. Records exist of about half a dozen cases of tuberculous 
mastitis in buffaloes and cows in this country*, and occasional 
samples of milk from such animals have shown the presence of the 
Kpccific bacilli. 

The available results of bacteriological w*ork carried out upon 
1 f lesions of tuberculosis in animals in India show 

work bovine type of organism is commonly 

associated with bovine lesions, and the human 
type with the disease in pigs. The avian tj'pe of organism 
has also been recovered from a bullock and some pigs, and the 
bovine type from a pig, a goat, several llamas and buffaloes. 
The human type of B. tuberculosis is usually believed to be respon- 
sible for the disease In man in this country. Two cases of naturally 
acquired tuberculosis in cows caused by the human bacillus have, 
however, been recorded, and similarly one or two cases of human 
tuberculosis of bovine origin have been detected. 
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Tbe dia-'nosis of the disease may be arrived at chirms the hfe 
of an animal from the elinieal signs of the disease or by the use of 
tile diagnostic agent TnU-rculin. winch is i.reimied at the Mukles.u 
Institute. Difficnltv has l>eeii encountered m mterpretiiig the 
results of the subcutaneous test witli tliis agent owing to diurmij 
fluctuations in temiwraturc shown by animals in this eoimtry. and 
better results have been oiitained with the Double Inlriidenual 
test, but further work on the standardization and clalioratum ot a 
more specific tuberculin is urgently required. 


(/) Johnts Disatu. 

Jo line's disease caiisc<l bv another acid*fAAt bacillus and the 
main seat of multiplication of the organiRin is the mucous jucmhrane 
of the inUstines. particularly the iloum and the c-fccum. Although 
it is generally stated that the first case of the <li»case in India was 
recorded by Sheather in 1917. the classical l>ook on the subject by 
Twort and Ingram, publishe<l in 1913, mentions an earlier case at 
Lahore on the aulliority of Mca<low8 of the Punjab Veterinary 
Department. A remarkably large numW of records of the occur- 
rence of the disease in all parts of the country, is now available. 
Cattle, buffaloes and goats are affected and recently the disease 
has been detected in an animal from the interior of the (Jarhwal 
hills where the possibility of contracting infection from imported 
animals was remote. 

The very insidious onset of Johne’s disease makes its presence 
in a herd a most dangerous one, particularly in farms which are 
heavily stocked. Diagnosis in life is arrived at by the use of Avian 
Tuberculin, by the microscopic examination of bowel washings, 
collected by a method elaborated by Krishnamurti Ayyar in 
Madras, and of faecal or rectal smears. In the earlier tests, Joknin 
and Paraiuberculin, obtained from other countries, failed to 
give as reliable results as the Avian Tuberculin issued from Muktesar, 
but Joknin, prepared at this Institute by improved methods, is 
now under test. Compared with cases in Europe, a larger pro- 
portion of cases in India show a complete absence of clinical symp- 
toms or are retrogressive when brought under new conditions. 
Tbe infiuence of parturition in precipitating a crisis in cases of 
Johne’s disease has been repeatedly seen in first calvings, and 
experience has been gained to show that other factors like mineral 
deficiency may play a part in the sudden breakdown of an animal’s 
protective meebanism. Data have been collected to show that 
while tho incubative period of the disease in adult animals may 
be as long as 6-9 months, that in suckling calves may be only a 
few weeks. Work carried out at Muktesar has failed to con^m 
the possibility of the bacilli being excreted through the lactating 
udder, or of the disease being transmitted in vUro, 
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Some work has been carried out with a view to cure the disease 
by bacteriophage, non-specific protein therapy, and formalin injec- 
tions, but while a betterment in the physical condition of treated 
animals has been observed, the possibility of sterilizing the animal 
completely of the bacilli by drugs does not appear to be practicable. 
However, on the analogy of the specific action of cbaulmoogra 
oil and its esters on the leprosy bacillus, another acid- fast organism, 
experimental treatment of clinical cases has been tried in England 
and America, and the work is now being repeated in Mysore. Large 
scale experiments have been carried out to study the vaccinating 
relationship of the avian tubercle bacillus and Jobne's Disease, 
but a set-back resulted from a somewhat high mortality in vaccinated 
animals due to an unanticipated and surprisingly high virulence 
of the strain employed. 

At Muktesar a special Johne Herd has been built up since 
1031. In addition to employing the animals in this herd for 
standardizing brews of Avian Tuberculin periodically, observations 
upon several aspects of the diseaae are being m^e. Alterna^ 
newly bom calves are being vaccinated within a few hours of their 
birth with a standardized living culture on the lines of Va14e and 
Rinjard’s successful work in France, but so far the experience in 
India regarding the efficiency and safety of the vaccine has been 
disappointing. Other reseai^es on this disease have been con- 
cerned with improvement in the culture media, methods of diagnosis, 
testing the viability of the organism under natural conditions and 
to determine if any small animals are susceptible to this infection 
and are likely to be useful as test animals for laboratory work, 
but no outstanding results have been achieved. 


(g) BovifU Abortion. 

Bovine abortion has not assumed the same economic significance 
in India as in other countries where more intensive stock farming, 
line breeding, high milk production and closer herding render 
animals both more susceptible and more liable to infection. 

In this respect, Indian cattle, generally, are particularly for- 
tunate. In indigenous herds, brought up in the open, the Incidence 
of the disease is immaterial. In pedigree herds, especially those 
containing a fair percentage of imported blood, and in selected 
dairy herds maintained under housing conditions and ^ 

milk supply comparing not unfavourably with the herds of Western 
countries, the problem of the incidence of infection with bovine 
abortion is one of increasing Importance. This problem is 
cated by the known mineral and vitamin deficiency to whicn 
cows in India are subject. Researches at the Muktesar Institute 
have boon directed to both sides of the problem, the nutritional 
as well as the bacteriological. 



WARE : VETEBUCARY RESEARCH. 


201 


It has been found that Indian cows arc as siisceptib c to 
infection with the specific organism of the disease, B. abortus Bang, 
as cattle of any other country and, given favourable conditions tor 
spread of infection, the problem of combating bovine abortion may 
become as acute in India as elsewhere in the world. Over a penod 
of many years, work at the JIuktesar Institute has been directed 
towards an accurate assessment of tiie degree and types of disease, 
more especially in selected herds throughout India, and very vaUi* 
able daW have been secured. Accepting from these rcsearclies tliab 
Bang's bacillus is the predominant cause of abortion in cows iii 
India, eiqjerimental vaccination, pursuing all recognized lines ot 
vaccine therapy, has been given an exhaustive trial. 

The results have been as discouraging as in other countries 
concentrating on this particular field of researcli. Live vaccine 
has been issued from Muktesar on occasions when the incidence ot 
infection appeared on the upward trend in certain herds and where 
the frequency of abortions demanded its use. Otherwise, a dead 
vaccine, comprising as many strains as possible from natural 
cases, baa been used results that can only be termed equivocal. 

The pure bacteriology of the disease, the typing and classifica- 
tion of organisms of the Brucella group isolated from clinical cases 
of abortion, work which is at the moment of academic interest, but 
nevertheless of immunological value, has resulted in the collection 
of many strains of Indian origin. The biochemistry and the 
grouping of these strains have occupied many assiduous hours in 
the laboratory. 

The note on thia subject would not be complete without a 
reference to the prevalence of an allied infection in goats, due to 
Bruulla meliUmU. In the Punjab, as the result of extensive 
investigation, infection of goats with this organism is considered to 
be in the proximity of 50 to 60% in all herds. Such herds are 
occasionally victims of abortion consequent on the infection, but 
investigation has shown that this aspect of the infection is not so 
serious as in cattle. The most serious implication lies in the fact 
that the entity of human undulant fever ia now well established in 
India. An epidemic of the disease occurring in British and Indian 
troops was investigated in Northern India and proved to be due to 
B, alwius Bang infection, and accumulating evidence points to 
the widespread existence of human undulant fever related to 
infection with Brucella o^anisma of bovine and caprine origin. 

The nutritional aspect of non-specific abortion is one that has 
gained increasing importance, and its study during the period under 
review and at present constitutes a subject of major research on 
the part of the biochemical staff of the Muktesar Institute. 

(h) Bovine Miistxiis. 

Methods of selective breeding of the high yielding strains of 
dairy cattle are being increasin^y adopted nowadays in India, 
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and the incidence and liability to udder affections have become 
considerable. Experience in other countries shows that as a result 
of udder affections, serious economic loss is suffered by dairy farmers 
in having to maintain animals which have been * rendered pro- 
gressively uneconomical, due to the partial or complete destruc- 
tion of the functional mammary tissue, and the constant anxiety 
ilk public health work which such animals cause by their potential- 
ities as the source of epidemics of severe illness and even death 
among human subjects, due to milk-borne infections of udder origin, 
e .g. , sea rla t i na , sore t hroat , etc. 1 n I ndta cases of mastitis of vario us 
kinds have no doubt been encountered from time to time, occurring 
either sporadically or in series, but no exact data regarding the 
various micro-organisms pre.sent in the secretions of the udder in 
cases of mastitis are available. 

Haemolytic and non- bkemo lytic strains of Slnphyhcoccus aureus 
have been recorded from the majority of cases, and a highly h^eino- 
lytic strain of coliform onanism has been isolated from a few cases, 
whereas in some instances only a hamolytic streptococcus has been 
cultivated. In the Muktesar Dairy a number of first calf heifers 
have been found to carry their calves overtime with marked cedema 
of the udder, while signs of mild mastitis often accompanied with 
the passage of blood in the milk were exhibited at the time of calving. 

Measures for the rapid diagnosis in the field and in the 
laboratory, and for eIBciently combating, by segregation and 
chemotherapeutic measures, udder infections are now available. 
To what extent these are applicable to Indian conditions remains 
to be seen as opportunities occur. 

(i) Bovine Lymphangitis. 

This disease was first seen in Bengal, and is known to occur 
in the Madras Presidency as well. In the earlier work Holmes 
incriminated a streptothrix as the causative agent, while Raymond 
attributed the disease to a bacillus. Sheather's studies at Muktesar 
in 1921 revealed a rod -shaped organism as the cause, which finding 
was generally confirmed by Krishnamurti Ayyar in 1927. The 
latter considered the disease to be identical with plague of man, and 
the geographical distribution of the cattle disease in Madras was 
shown to be similar to that of human plague. Krishnamurti s 
later studies, however, showed that the organism responsible is 
another PasteureUa — P. pseudo^tuberculosis rodentium type II of the 
Lister Institute. This finding has been confirmed at Muktesar, 
and a vaccine prepared from the organism has been used in the 
field for the last few years with success. 

{j) Sheep and Goal Diseases. 

A number of very interesting, though somewhat obscure, condi- 
tions have been reported from time to time. Contagious ecthyma 
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of goats. char.acterized by a p.istular dcr-natitis of the p.-rioral 
TMion and the buccal mucous membrane and la'licvcd lo be thu 
too. virus in association witl^ certain bacteria, lias Ik^cii reported 
from several provinces, Caseous iymphadeniUs of sheep due to 
the Preisi-Nocartl bacillus has l)ocn rccor<Je<l from the lunjsib 
and Hyderabad State. Frequent casc.s of purnlent peritonitis in 
scats have been met with, and Coryncewc/cnum pf/ogencA .^oinc 
times accompanied by SireptococcHA anghtOAUs. has invariably been 
foimd associated. A form of oontaRious plenro-pnoumoiua ol 
soats known as Dokar!, which is of considerable economic impoi'tanee 
in some parts of the country and is controlled by villagers by a 
rough method of immunisation, consist intf in the insertion sub- 
cutaneously of portions of the lungs from affected c«ises into healthy 
animals, has been the subject of some research into its etiology, 
but so far it has defied solution. 


(A*) Olanders. 

This disease of equines is widespread in India but the available 
figures give little idea of the actual incidence. Cases of .suspicious 
glanders, seized under the Glanders and Farcy Act by provincial 
veterinary departments, are usually reported on account of well- 
defined clinical symptoms. Annual surveys of tlic tonga- pony 
population of one town in the Punjab (Lahore) revealed a dia* 
quieting prevalence of the non -cl ini cal form of glanders, cases which 
were oi^naril3’not reported by the veterinar.v in.spectora responHiblc 
for such work. It should be stated that, in many instances, non- 
clinical cases were in good average condition, no suspicion of the 
disease being present. As a matter of routine, arm,v horses are 
subjected to periodical examination for the disease, but such arrange- 
ments do not ordinarily exist in the provinces. 

We are in possession of a biological agent of repute — mallein 
— which, judiciously and extensively employed, should effect a 
radical control of this serious equine disease. One fact wortliy of 
note is that very few cases of human beings {Syces) becoming 
infected are on record, but two research workers in this country, 
Oaiger and SbiUton, were unfortunate enough to contract the 
infection, the latter fatally, in the course of their laboratory work. 

It would appear that the Indian strains of B. nuUUi are of a 
lower grade of virulence than the Western strains, a fact which is 
borne out by the feeble and occasionally negative Strauss reaction 
in Guinea-pigs after intraperitonea I inoculation with authentic 
strains of mallei freshly isolated from lesions of the disease. 
Mallem is prepared at the Imperial Institute, both the sub- 
cutaneous and I.D.P. varieties. It is now specially standardized 
on artificially infected horses. Prior to this measure, it was found 
that, occasionally, brews of mallein gave non-specific reactions 
which evoked great difficulty in the interpretation of the test, but 
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now that particular attention has been paid to the standardization 
of the product, this difficulty has been overcome. Modifications 
of tlie original mallein have been experimented with, but in all 
cases, these modifications were found inferior to the original 
formula. 

The experimental treatment of glanders has been attempted 
in the Punjab. A highly potent antiserum prepared from horses 
was shown to possess remarkably retrogressive effects in the 
cutaneous form of the disease with general improvement in the 
condition of the affected animals. Such cases continued to show 
a positive mallein reaction, however, attended by relapse when 
serum treatment was discontinued. 

There is some evidence available in India to show that £. 
u'hitmorti (Stanton and Fletcher) is occasionally responsible for 
glanders-like lesions in horses, and on one occasion at least dis- 
appointing results io the routine production of mallein were ascribed 
to the organism from which the product was prepared conforming 
more in character with this organism. On two occasions B. p^eudo- 
tubtrculosU rodtniium was recovered from clinical cases reacting to 
mallein. From neither of these animals could authentic B. malUi 
be isolated. 


(0 Strangles. 

Strangles is a universal disease of young horses in India. 
In the army remount establishments it assumes a virulence and 
incidence of such degree as to cause serious loss. This loss is not 
only expressed in terms of actual mortality but also— and to an 
even greater extent — in protracted debility resulting from the 
set-back In growth and health consequent on the disease. The 
percentage of three-four year old horses rejected by the army 
authorities is governed to a very large extent by the incidence of 
strangles and its sequelae in the horse-breeding areas. 

Research has, therefore, been directed to the control of the 
disease by means of vaccines, antisera and pharmaceutical agents 
claimed to be of advantage in streptococcal infections generally. 
Field experiments have been launched on a large scale, the expen* 
mental work conjointly taking effect from the Muktesar Institute 
and the actual disease outbreak in the field. Experimental vaccina- 
tion has proved of little or no avail, however the vaccines am 
prepared- At one time, hope was centred in the use of Besredka s 
antlviius and pyo vaccination. These experiments, which gave 
an early promise of success, were later abandoned when a more 
extensive trial of this method was made. Similar negative results 
have been obtained with killed, heated and chemically trea^a 
vaccines. Ether-extracted vaccines prepared from several 8t*;ains 
of Streptococcus equi isolated from field outbreaks yielded miiai) 
encouraging results which w*ere, later, not confirmed. 
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It appears, from the records of field espfrimenUs. that ortl.o.lox 
methods of vaccination in this streptococcal disease of cqumes, are 
sineularlv unsuccessful. On the assumption that htranKles ma.\ 
be orimarilv a virus disease, followed by streptococcal infection of 
varvine types, the serumisation of in-cont^t horses iluring an 
outbrefk his been attempted. The serum, obtained from recently 
recovered cases in the afebrile phase, was found to possess no pro- 

^^’"'Drug' treatment has proved a dismal failure, even when 
administered during the earliest stages of the dii^ase. Among 
the numerous agents to which a trial was given may be rnentioned . 
the flavine series. Lugol's iodine intravenously and intratracheally, 
omnadin, antibaeysn. tryparsamide. S.U.P. 36 and Prontosil. 
Simple medicaments such as salicylates combined with pood nursing, 
have given as satisfactory results as could be hoped for ancUn no 
manner inferior to those agents for which a more specific eftect is 

experimentation with this condition has recently been 
given fresh impetus by the imporUnt finding that it is possible to 
confer a mild attack of the disease by the inoculation^ usually 
intranasally, of cultures of certain selected strains of the Streptococcus 
equt. Heiein lies a possible measure of hope, as it may l)e possible 
eventually to produce an attenuated living vaccine wliich. by induc- 
ing a mild attack of the disease, may evoke a sufficient degree of 
active immunity to tide susceptible animals over a strangles season- 
Concurrently with this experimental work, much research has been 
done in the'typing of streptococcal strains isolated from individual 
cases of the disease. 

(m) Equine Abortion. 


This disease is commonly enzootic in horse-breeding areas 
where the problem is one of such importance as to have occasioned 
a great volume of intensive research. It has been established for 
many years that the prevailing cause of equine abortion is an 
organism of the Salmonella group, 8. abortus equi. Evidence is 
not lacking, however, to show that other or^nisms, either primarily 
or secondarily, play an important part in the infection of the 
equine genital tract, tending to abortion. Among these, strep- 
tococci and strains of B. coli have been isolated from fcetal speci- 
mens, with sufficient frequency to indicate their path<^enic rolo in 
the disease. 

Research has, naturally, been directed chiefly towards the 
control of abortion due to the prevalent type of organism And, 
in recent years, considerable success has b^n attained by the 
use of a polyvalent anti-abortion vaccine prepared at the Institute 
from strains isolated from clinical cases. 

The problem of equine abortion is related to that of sterility, 
and in this phase of the disease, research has been synchronized. 
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It is becoming increasingly apparent that, apart from specific 
infections, nntritionnl factors, including vitamin deficiencies, exert 
It determining influence in infections of the genital tract and the 
help of the bio* chemist has been invoked in the solving of the various 
phases of the disease syndrome eventuating in abortion. 


(n) Equine Lympha}igiii 8 . 

Inflammation of the subcutaneous Ijiinph vessels leading to 
nodular lesions and abscesses receives much attention in army 
veterinary work, and the differential diagnosis of l3Tnphangitis is 
considered important. As a result of recent experience in several 
stations in Northern and Central India, where multiple or sporadic 
cases of lymphangitis, clinically indistinguishable from infectious 
due to Cryptococcui /orcimtnosus, have occurred among cavalry 
horses, two hitherto unrecognized forms, viz., a staphylococcal and 
a streptococcal, have been added to the list of the known forms. 
The former was the more frequent of the two, and developed as 
an acute disease and res|>onded readily to ordinary treatment. 
No immunity resulted from attacks. The streptococcal form was 
more persistent and showed no tendency to spontaneous healing, 
and resembled cases of spurious or irregular strangles. An unusual 
case of intestinal infection due to Cryptococcm jarcimiTiosui in a 
mule was encountered. 


(o) Poultry DiseoM, 

These diseases are daily demanding more attention, They 
have been the subject of investigation for many 3'oars in India, and 
the existence of certain diseases is now well established, Research 
has been carried to the logical conclusion of providing biological 
products to protect poultry against the ravages of some of them. 
For others, including the dreaded Do.vle^s or Ranikhet disease, 
no satisfactory product has yet been devised. 

Fowl cholera {Avian pasleureltosis) is probably the most 
fatal of all bird diseases when originating spontaneously 
in a flock. Research has shown that an attenuated vaccine and 
serum, prepared from suitably selected strains of the organism, 
are efficacious in protecting birds again at the disease and in con* 
trolling outbreaks when combined with appropriate hygienic 
measures. 

Salmonella infection of chickens — the bane of poultry farmers 
in Western countries — has, as a result of investigation, been found 
to be practically non-existent. On only one occasion has an 
organism resembling S. anatum been recorded from diseased chicks 
that died soon after hatching. Outbreaks of disease due to S. 
jnil forum have never been encountered in India. On oidy one 
occasion, and that a sporadic, isolated outbreak in the Kumaon 
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Hills, Has authentic fowl typhoid. <luo to .V. ij/tUhmruw. hcon 
cribed in Indm. An experimental vaccine tailed to con tor any 
iujmunity upon birds ex|x>sc<l to this infection, either by natural 
or artificial means. 

Research recon b indicate that avian tulJcreulosU is an unooin- 
roon disease in India. A few isolated ontbreak.s of a|u»j>lcctllorrri 
septicemia, due to an encapsulated streptococcu.s, havy been 
diagnosed. MoniliasU — a fungoid disease of chickens. atTcctiiii.' tlic 
flUmentnry tract — has been rej>orted from Bengal • 


{p) Canine Dieses. 

Canine diseases, particularly the febrile conditions, arc a per. 
plexing problem to the dog owner in India. The chief difficulty 
lies in accurate diagnosis : the similarity of symptoms or the lack of 
laboratory diagnostic facilities confusing tlie issue. Where accurate 
diagnosis has been attempted, it has been found that the bacterio- 
logy of cajiine fever disclose.^ a variety of infections to u'hicli it 
was not hitherto considered the dog was subject. For example, 
it has been proved during recent years that many cases tentatively 
diagnosed as Tick fever — the bete noire of canine flesh in India— 
were actually cases of a typhoicl-like fever. 

Considerable research has been devoted to tlie problem of 
typhoid and Salmonetla infections in dogs in India and the out- 
con^e of tbis work is the general acknowledgment that organ isnis 
of tbe colon -typhoid group are more frequently the cause of obscure 
canine fevers than one was formerly led to suppose. A variety of 
Pa^teuretta canh has been described as a cause of canine fever 
annually occurring in certain kennels in the Unite<i Provinces. 
B. p^udo‘(ubercutosis rodcntium has, within recent years, occasioned 
much research as another possible cause of canine fever. 

III. Protozoology. 

The great majority of the protozoa are free living and are found 
on the surface of the earth, in soil and stagnant water and they 
play a great part in the economy of nature. A large number live 
normally in the digestive tract of animals especially herbivora, 
exerting no harmful effects, rather in some cases rendering aid to 
the host in the pro cess of digestion . In compa rati ve ly few i nstan ces , 
however, the parasitism by certain of these protozoa has a harmful 
effect on the host, and thus some of the most widespread diseases 
of both man and animals, such as Malaria, Sleeping sickness. Red- 
water, East- coast Fever and Surra are caused by them. 

All domesticated animals are susceptible to infection by 
protozoal parasites and with our increasing knowledge of the 
number of host subjects and diversity of parasites with which 
each host may become affected, the subject becomes of even greater 
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iraportance to Veterinary Research workers than it is to the practi- 
tioners of human medicine. The reason why these protozoal 
diseases are of far greater importance in tropical countries is not 
because the animals themselves are more susceptible to the effects 
of infection in these countries, but because of the mode of trans- 
mission in the great majority of these diseases. Transmission of 
infection is brought about not by direct contact, as is the case in 
most of the bacterial and virus diseases, but by an intermediate 
host, a so-called vector, in the form of a biting fly or tick. The 
distribution of these diseases is, therefore, restricted to the territories 
in which the climatic conditions are favourable for the survival and 
multiplication of the vectors. In the case of such conditions as 
Amtpbiasis and Coccidiosis, which are not infrequently encountered 
in small animals and fowls in India, infection is caused through 
ingestion of a resistant infective stage. 

(a) Surra. 

Surra is the most important of the protozoal diseases found in 
this country, and oocutb amongst camels, horses, mules, cattle, 
elephants, and dogs. Camels and horses are very susceptible to 
it and the rate of mortality amongst them is very high. The 
disease occurs mainly in the Punjab, North-West Frontier Province, 
Sind, and Raj pu tana where the population of camels is high and 
they constitute the usual mode of rural transport. Outbreaks 
have been reported from all the other provinces of India with a 
very high rate of mortality at times, but the disease is not so widely 
distributed in these parts. Enzootics are now reported with 
increasing frequency in cattle and it is thought that these animals 
may act as reservoirs for the trypanosome and harbour infection for 
many years without manifesting any symptoms. 

The disease is caused by Tr^parwoma evanei and in India it is 
considered to be transmitted to susceptible hosts through the 
agenc}’ of some biting fly which acts as a mechanical carrier. In 
horses the disease has a very short duration but in cameb which 
are well fed and not overworked, it runs a course of two to three 
years. 

As there was no remedy known for this disease, Equine Surra 
was formerly scheduled under the Glanders and Farcy Act in all 
provinces ; the affected cases were destroyed and compensation 
was paid to owners. Cattle, however, could not be destroyed on 
account of the religious sentiment of the more orthodox class of 
Hindus, and for this reason the attention of the earliest workers 
was directed to discover a suitable chenucal which would bring 
about complete sterilization of the system of the host and so avoid 

c lest met ion. _ 

In the year 1911, the treatment of Surra with Tartar Emetic 
and a preparation of arsenic, or both combined, given intravenously 
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at certain intervals, was conimence<l witli re faults, but llio 

most imi>ortant piece of work in the treatment of l£(|uine Surra 
was done bv Edwards at the Muktesar Institute in the year 1025. 
The treatment consisted in an intravenous injection of 50 c.c, of a 
]0 per cent solution of ‘ Bayer 205 a proprietory pro (la rati on 
newly put on the market, per 1.000 lb. IkkI.v and Intra- 

tbecally 20 c.c. of a 01 per cent j^olution of the same i>er l.or)0 lb. 
body weight, repeated a fortnight later. This method <d treatment 
proved very efficacious and was recommended fur adoption in the 
field. 

In the year 1920-30, in the Punjab, three modifications of this 
method of treatment of Surra were tried with a view to reduce the 
time taken and the number of injections i-cquired. Though tlie 
results obtained were satisfactory, it w'as considered premature 
by the authorities to say anything with regard to their effectiveness 
as the experiments were conducted on artificial cases only. The 
Muktesar Institute, however, after carrying out a short experi- 
ment in 1933, found that an intravenous injection of Bayer 205, 
at the rate of 5 grams per 1,000 lb. body weight, gave tlic same 
results as the intravenous-intrathecal method of treatment in 
artificially infected cases of Surra. This finding was of importance 
as the latter method of treatment cannot be easily adopted under 
field conditions. 

With regard to the rectors in this condition, in the year 
1927*23, as a result of some transmission experiments in the 
Punjab, it was claimed that Ornithodont4 crossi is capable of spread- 
ing the disease up to 022 days after it has been fed on an infected 
animal and can survive for 739 days without food. But the results 
of a series of similar experiments carried out in the year 1935 at 
the Muktesar Institute with the object of confirming this report 
proved entirely negative. 

Regarding the identity of the cattle parasite, Sterling observed 
in 1921 that the trypanosome found in the blood of a bullock 
which died in the Central Provinces in India >vas quite unlike 
T. cwnai, and stated that it had the characters of T. corigolense. 
No other worker has found this trypanosome in cattle in India. 
Other workers have studied the morphological and biological features 
of the trypanosomes affecting cattle in India and have come to 
the conclusion that they are identical wjtli T. evami. 

Extensive observations on the curative treatment of Surra in 
^vines by means of Bayer 205 were made at the Muktesar Institute 
from 1934 — 36, and it was found that treated animals remained 
^tirely free from infection after the initial sterilization of their 
blood by drug injection, 

Another large trypanosome, viz., T. tkeiUri, has been reported 
from cattle but its acquiring a pathc^enic role has never been 
proved, Transmission experiments with this organism in laboratory 
animals have given negative results. 
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(6) Dourine. 

Dourme was formerly rampant in several horse-breeding 
farms in the Punjab and United Provinces, but has been more or 
less stamped out b 3 ’ destruction of affected mares and castration of 
the males. Since the year 1919 no case has been reported in this 
countrj^. 

(c) Bovine Piroplaemoeis. 

The common piroplasm of cattle in India is B. btgemina. A 
large proportion of Indian cattle are natural carriers of the disease 
and sj'mptoms become manifest during the course of an inter- 
current disease, especially Kinderpest, and are then attended with 
mortality. 

In 1926, Cooper at the Aluktesar Laboratory carried 
out certain infection experiments with B. bigemina and thereby 
confirmed the work of other workers that injection of blood con- 
taining these parasites into a susceptible bovine animal set up the 
disease in the same manner as is done through the agency of ticks 
under natural conditions. 

In 1935 the ineffectiveness of trypanblue as a prophylactic 
agent against B. bigemina infection in cattle was noted. This 
drug, even when administered in the maximum dose tolerated by 
the animals, failed to bring about the desired result. A aeries of 
controlled experiments was, therefore, undertaken to ascertain 
whether such failures were attributable (1) to a deterioration in 
potency of the particular brand of drug used, or (2) to the fact 
that a * trypanblue fast ’ strain of B. bigemina was being dealt 
with in these trials. A fresh supply of trypanblue was obtained 
from Messrs. E. Merck, Germany, and its efficacy tested upon six 
artificial cases of red-water simultaneously with five others treated 
with the old stock. None of these animals showed sterilization of 
their blood. That the strain was not * drug fast ’ was ruled out as 
a result of tests carried out upon sixteen bulls infected with a fresh 
untreated strain of these parasites. The use of trypanblue in the 
treatment of red-water has since been discontinued and has been 
replaced by the proprietory preparation ‘ Akiron R ’ manufactured 
b}’ the Baj’er Co. The minimum effective dose has been found to 
be 2 c.c, per 200 lb. body weight given subcutaneously or intra- 
muscularly. With the introduction of this drug the problem of 
rendering serum -making bulls free from B. bigemhia may be taken 
as solved. 

(d) Canine Firoplaemosis, 

The tick fever of dogs so prevalent in India is attributable to 
infection with two entirely different piroplasms, viz., BabeMa 
can is and Babesia gibsoni, the latter appearing to be the far more 
important cause of the disease in India. 
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Slost of the work on the life-history of these parasites ho 8 been 
done in Madras, and in 1926 Rao noted the occnrrence of a parasite 
identical with B. gibsoni of dogs in the bloo<l of a jacka . and 
therefore tried transmission experiments with Hcemapfo/srffis 
spinosa ft tick commonly found on jackals, but with indenruto 
results.’ On the other hand, transmission experiments at Rluktcsar 
with B. gih$oni, using the common dog tick, R. $aiigiiincu9, gnvo n. 
positive result in one case. Shortt has recently worked out the 
life- history and morphology of Babttia cani$ and given a con- 
secutive description of the stages of the parasite from tlic time 
it is ingested by nymphs of Rkxpicephalus sanguiruxts, the known 
vector in this condition, up to iU transmission by the adult, during 
the act of feeding, to a fresh host. 


(e) Equint Piropla^mosis. 

Piroplasmosis has also been found to occur in horses in India. 
Babesia eahaUi, the larger parasite which occurs in the red bloo<l 
corpuscles In characteristic pairs, causes fever, ha^moglobinurin, and 
an semia . This Is , h o we ve r , a men a bl e to t roatmen t ui t h t ry pa n bl uc . 
Babesia {Nulialia) equi is a smaller parasite which produces biliary 
fever in horses and causes jaundice. Quinine hydrobromi<le has 
so far given satisfactory results in keeping down the diseased condi- 
tion but a sped he for this ailment has yet to be found. 

(/) Other Pirophsmoses. 

Bcd>esia metasi in the blood of a sheep has been recorded in 
the Mysore State. The experiments to transmit tlie parasites to 
goats gave a negative result. 

In the course of routine examination of blood smears at the 
Muktesar Laboratory Babesia sergenti was found in the blood of a 
goat. It was shown to be inocul&ble to other goats and produced 
symptoms of piroplasmosis. Piroplasma iaylori was described as a 
new species of piroplasm from the goat, but the resemblance of this 
parasite to Theileria kirci has since been pointed out. 

(g) Theileriasia. 

The common form of TheiUria encountered in cattle in this 
coimtry is TheiUria mutOTis, but usually this is regarded as a 
harmless and almost ubiquitous parasito. 

According to the report of the Civil Veterinary Department of 
the Central Provinces of India, the presence of T. mvtans, previously 
confused with the smaller form of B. bigemtna, was microscopically 
confirmed in the year 1915, and in the following year some blood 
films from cattle of the Central Provinces were sent to Sir Arnold 
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Theiler who confirmed the presence of Thvhria mutans and 
Anaphsma marginaU in the specimens. 

In the year 1029, at the Imperial Veterinary Research Institute 
an investigation of much importance was commenced upon acute 
Thcileriasis affecting Holstein stud bulls imported by the ^Dlita^y 
Farms Deportment into India from South Africa. These animals 
liad been submitted to blood inoculations in South Africa before 
export with the object of immunizing them against African ‘ piro- 
plasmosis ’ caused by infection with B. bigemina and TheiUria 
inntans. The fact that a large number of the animals became 
affected with a Theihrio shortly after their arrival in this country, 
in spite of inoculation carriwl out in South Africa, indicated that 
tlie Theihria parasites of India differ markedly in their patho- 
genicity from the Theihna of South Africa. The bulls were pro- 
bably subjected to heavy tick infestation very .shortly after their 
arrival in India and also during transit from Bombay where they 
were disembarked to different farms in the country. 

The first published record of the occurrence of acute Theileriasis 
in India is containe<l in the annual report of the Muktesar Institute 
for the year 1934. In the previous year an extensive series of 
observations was carrie<l out upon a virulent form of this disease 
found affecting the local hill bulls. A strain of the 'virus' was 
isolated from a fatal case of natural Theileriasis and has since been 
kept alive by passaging through susceptible hill bulls, 

The question of the specific identity of the TheiUria parasites 
occurring in Imlia has till now been a matter of considerable 
difficulty and the views extant on the subject would appear to be 
that the parasite concerned is perhap.s a form intermediate in 
virulence between T. and T. pan'n. the cause of East Coast 

Fever of cattle in South Africa. In the course of the investigations 
on Tlieileriasis in cattle at Muktesar in 1933, it was stated that of 
tlic four well-known species of cattle Theiltria {T, parvny T. diJ/wr, 
T. nnnxdata and T. mutaM), T. annulatn would appear to possess 
the closest affinity to the parasite cau.sing the acute condition in 
hill bulls at Muktesnr. but they differ in certain essential charac- 
tcristic.s. the most noticeable of which are (^r) the decidedly 
lower mortality rate in T. annniaia infections (5 to 20 per cent) 
as against the mortality rate of 82 per cent obtained with the 
Muktesar parasite, and (6) the somewhat lesser percentage of round 
forms in T. annulate infection (70 to 80 per cent) than is the case in 
the .Muktesar parasite (80 to 90 per cent). A series of prelirainarv 
c*x]>criment.s were carried out u|x>n the viability of the ' vims 
ami it was found that when store<l under sterile precautions in the 
rcfrji'<Tator. it completely lost its Infeotivity within six days. It 
may be pointed out here tliat Theikr'ut have not been recorded 
from indigenous cattle excepting those from the Kumaon hills. 

A fairly large nimibor of drugs such as Plasmoquine, Firoblue, 
Todorit. Trypafiavinc. Antlma<aii, S.U.P. 3C and Sulfarsenol, 
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have been tried on account of their known iwrnsihcicinl ynluc, but 
the results hove not been encouraging. Since drug treatment lias 
failed to give the desired result, the attention of the Muktei^ar 
Institute has recently been directed towards the possibility of 
nroducing an anti-TheUeriasis serum. Extensive experiments on 
these lines have been undertaken and the results so far nelne\-cd 

are fairly encoumging. . . , * 

The transmitting agents of this organism in Imlin arc not 
known but it is assumed that ticks play the role of the intermediate 
host Research work on these linos along with the study of the 
exact identity of the parasite have now boon taken up by the 

Muktesar Institute. . , 

In 1925 TkeiUria ovU along with ‘ Kochs blue bodies was 
seen at the Muktesar Laboratory in a blood smear from a lamb 
received from Aladras. 


(A) Anaphsmesis. 

The presence of Anaplasmata in the blood of cattle, sheep, 
horses, dogs, and some wild animals was reported in tlie year 
1914-15 in the Central Provinces and in the following year 
the finding was confirmed as regards cattle by Sir Arnold Ihoiler. 
Disease in cattle caused by these organisms has not been recorded 
in this country although it is a well-known morbid entity in certain 
other parts of the world, notably in Africa. 

The report of the Muktesar Institute for the year 1932 states 
that Anaplasmata are now and then encountered in the blood of 
hill bulls but sub-inoculation in healthy bulls gave a negative result, 
probably for the reason that the inoculated animals were 
carriers. Attempts to reproduce the disease in some small 
laboratory animals by inoculation of blood showing large number 
of these bodies obtained from an imported Ayrshire bull also gave 
a negative result. 

(i) LeishmaniMi$. 

This condition is manifested in dogs under two different forms, 
the visceral form and the cutaneous form, tlie parasite in either 
case being morphologically indistinguishable from Leishmania dono- 
vani of human Kala-Azar. 

Cases of canine cutaneous Leishmaniasis have been recorded 
from the N.-W.F. Province and the United Provinces and a single 
case of cutaneous Leishmaniasis in a bullock has also been recorded 
from Assam. 

(J) CoccidiMia. 

Ooccidia of different species affect different animals. In cattle, 
rabbits and fowls infection with these parasites causes grave out- 
breaks of disease. The infection in India amongst cattle, which is 
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due to Eimeria zumi, assumes a good deal of significance ; not so 
much as a pure infection capable of producing disease by itself 
but from the fact that it can be resuscitated from its ordinary 
dormant state by intercurrent affection, so as to set up severe or 
even fatal complications. 

Cooper discovered a coccidium in an ox in Assam which he 
believed to be a new species, belonging to the genus Isospora, but 
this needs confirmation. The occurrence of Eiy/ieria smithi in a 
hill bull has been noted at the Muktesar Institute. This is the 
first record of the occurrence of this species in Indian cattle. 


{k) Amoibia^is. 

The first spontaneous outbreak of amoebic dysentery among 
hounds was described from Madras in 1916. Again in 1931 a similar 
outbreak was recorded among the hounds of the Bangalore hunt. 
The amoeba in question is said to present all the morphological 
characters of E. kutol^ica. The potential source of infection, it 
is suggested, is the human being. Cysts were never seen during the 
course of examination of fsces and as vegetative forms are incap- 
able of producing infection it follows that infection from hound 
to hound is impossible. 


(/) Buffah-Mofaria, 

Sheather in 1919 described Phsmodium bubalis from a male 
buffalo which was obtained at the Muktesar Institute from the 
plains (Bareilly) to serve as a serum maker. Since that time this 
parasite has been seen many times at this Institute but experi* 
ments to maintain a strain by injecting blood containing the 
parasite into other buffaloes have always l^en met with a negative 
result. This parasite has also been seen once in Madras. 


(m) Spirochatosis. 

Spirochaetes have been recorded from various animals from 
time to time. A few vears ago the hounds of the Madras Hunt 
Club were believed to ‘have died of Leptospira icterohcBmorrhagi<s 
infection. SpirochaUa recurrent is was once isolated from a bovine 
animal in Madras but no further report has been made of this 
parasite from India. 

Considerable losses have occurred in the poultry of thjs country 
on account of infection with Treponema anserinum. The disease is 
transmitted through the agency of the tick Argas persicus. In 
cases where the disease is diagnosed, treatment with intramuscular 
injections of Atoxyl is carried out with successful results. 
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(«) Miscellaneous. 

The occurrence of Hepatozoor. {Ha:mogrcgtiriria) cams was 
noted in a dog from Cocanada. Infection is stated to be ver> 
debilitating to the animal- Schizogony has been found to occur 
in hone-marrow, spleen, and liver of the host. Stages of sporogoi y 
of the parasite in fl. sanguineus have also been observed and mostly 
found to correspond to what was already seen and described by 
Christophers in 1907. This onanism has also been seen at the 
Muktesar Institute from time to time in dogs used for maintaining 
a strain of B. gibsoni. Qlobidium fusijormis has been described 
from Indian cattle. A very similar organism was also encountered 
in the fecal matter of a hill bull affected with dysentery at the 
Muktesar Institute. Nothing however is known about its patho- 
genicity or its distribution among Indian cattle. 


IV. Entomology. 

The past 26 years have witnessed a growing recognition of the 
importance of exploration of the dipterous and araclmid fauna of 
India as an essential preliminary to the formulation of working 
hypotheses in regard to the species of vectors likely to be involved 
in the transmission of certain animal diseases in this country. 
In the absence of a suitable organization for dealing with problems 
of Veterinary Entomology in India, such exploration has been 
largely incidental to other activities of the Veterinary Department 
and also to those of the Medical and Agricultural Departments and 
the Zoological Survey of India. A census of the arthropod pests 
of veterioary interest on record shows, however, that in spite of a 
lack of continuity of effort in the matter of carrying out systematic 
entomological surveys, our knowledge, at any rate of the insect 
pests of cattle, has substantiaUy advanced during the period under 
review. Of the workers who have made notable contributions in 
this direction, mention must first be made of Brunetti. who pub- 
lished as many as three volumes dealing with Diptera, in the series 
of Fauna of British India (1912. 1920, 1923) besides a large number 
of miscellaneous articles scattered in the Records of the hidian 
Museum. In 1919, Brunetti published a useful review of progress 
in our knowledge of Oriental Diptera during the preceding two 
decades, the Biptcra of economic importance considered therein 
including several species of SimuUum and the well-known European 
dung By. Scatophaga slercoraria, which had not previously been 
recorded from the East. 

The most notable contributions on the systematic side of 
Veterinary Entomology in India, however, have been those of 
Patton, who. in collaboration mth Cragg. brought out. in 1913, 
a comprehensive volume embodying a considerable amount of 
available information on the arthrop^ pests of domestic animals 
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in this country, besides original observations upon their life- 
history and bionomics, and, although largely out of date, it con- 
tinues even to this day to be the vade-mecum of both the Veterinary 
and Medical Entomologist in India. Patton and Cragg in 1613 
mentioned the occurrence of the so-called haematophagous Muscids 
(e.g., Musca pa((oni, M. gibsoni, ^f. bezzi)y which have the habit of 
travelling directly from an infected wound to an uninfected one 
and are therefore a potential source for the spread of infection. 
In the same year, they publish e<l a paper advancing reasons for the 
abolition of the genus Fristirht/nchomyia previously erected by 
Brunetti and for sinking it into the genus Pkilcemaiomyia, which 
itself has now been sunk into the large genus Patton’s 

o\7ii distinctive contribution in the field of systematic Entomology, 
however, has been upon the oriental species of the genus Musea, 
and by clearing the synonymy of this most difficult group he has 
eanied the lasting gratitude of all students of Indian dipterology. 
Patton was also the earliest to record the occurrence in India of 
the Anthomyid fly, Posstromyia het€roch<B(a^ which is a blood- 
sucker in the larval stage. 

The systematic side of Veterinary Entomology in India has 
also found a zealous worker in Senior-White, who brought out two 
useful catalogues dealing with the Culicids and Tabanid® of the 
Indian Region, besides a memoir containing descriptions of many 
new species of Diptera, including the Tabanid® and Simulid® 
occurring in the Khasia Hills in Assam. In 1926, Senior-White 
published a useful revision of the sub-family Callipborin® which has 
now been raised by some authors to the rank of a family. 

Of the other ‘workers in this field, mention may be made of 
Puri (1032—35), who, although a recent worker in this field, has 
described a large number of new species of the genus Simulium 
occurring in the Indian Region ; and Sharif (1924, 1928), who hw 
made outstanding contributions upon the Indian species of the 
family Ixodid® and the order Siphonaptera. In connection mth 
the subject of Ticks, an event of considerable interest is the dis- 
covery of the occurrence in India of Omitkodoru^ megntni 
or the so-called Spinose Ear Tick, for so far this species has only 
been recorded as a serious pest of domestic animals from certain 
parts of America and South Africa. 

During the period under review, a number of interestmg 
observations have been made upon the species of Warble flies 
occurring in India. Thus, Patton has shown that the common 
warble-fly of cattle in this country is Hypoderma lineatum and not 
H. bovis, as had been previously supposed, and that both cattle 
and goats in the Punjab are susceptible to attacks by another 
^^pecies of warble-fly designated by him as H. cro68i, the occurrence 
of which has also been reconled from Baluchistan. The subject ot 
warble- dies has now assumed a position of paramount impoi^nce, 
in view of the damage caused by them to hides and skins in this 
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country, and a systematic investigation upon the^ ix‘sts being 
nnderUken at Muktesar under ft grant, mack* by the irnp<Tial 
Council of Agricultural Research. 

Reference may also be made hero to the occurrence m India 
of lAtcilia serkaia and Chrijsomtfia rufifuciei, as recorrlcd by Sint on 
and Holdaway respectively, for those two speoic.s Ixdong to tfie 
formidable group of sheep Maggot Flies of Australia and must, 
therefore, be reganled as a source of potential danger to the shccj>- 
breeding industr\’ in this country. 

Advances in the fields of life-history and bionomics have been 
made mostly in connection with the Tahanid® and the myiasis- 
producing flies. Isaac carrie<l out a serie.s of detailed studies upon 
the life -history of some of the common species of Tabu n ids occurring 
at Pusa and in the course of these he mode the interesting observa- 
tion that authentic females of Tabanus cra-ssu^ WIk., raised from 
his rearings, agreed with T. sanguineus Wlk., of which only the 
females were knowi^. Both these species, however, have now 
become synonyms of T, rufiveniris Fabricius, on grounds of priority. 

Our knowledge of the life- history of the myiasis- producing 
flies in India is largely due to Patton, who has studied the habits 
of several species of these flies belonging to the genera Calliphora, 
ChTyeomyia and lAicilia. These studies have revealed tlie interest- 
ing fact that by far the commonest species of myiasis-producing 
fly in India is Chrysomyia bezziana and that it brcc<ls only in living 
tissues, as opposed to carrion, which constitutes the normal habitat 
of the majority of the members of this group. 

The life-history of the Arachnida has received little attention 
in this country, the only noteworthy contributions in this con- 
nection being Sharif's bulletin on the widely prevalent tick 
Hyalomma agi/ptiana and an article by Timoncy on tlie sarcoptic 
mange mite of the buffalo. 

In regard to Insect Physiology, as applied to Veterinary 
Entomology in India, only a beginning may he said to have been 
made. In a pa^r published in 1915, Sen described a new appa- 
ratus for measuring the respiratory exchanges in the Culicid® and 
showed that the oxygen -hunger in the case of the larva of Culex 
micro-annulaiue was much greater than in the case of the pupa . In 
two other contributions he produced evidence to show that in the 
Culicid®, a meal of blood was not essential for the maturation of tlie 
ova and that the' act of feeding, as distinguished from biting, was 
not governed by a thermal stimulus. 

Recent advances in our knowledge of the morphology of the 
biting ^es of India are largely due to Cragg. whose contributions in 
this field have been as extensive as they have been varied. His 
earlier papers, which appeared during the years 1912-13, dealt 
with the mouth-parts of various species of blood-sucking Muse id® 
and orthorrhapic flies and also with the structure of the Tabanid 
fly H<enuUopota pluvialis. In 1918, Gragg described the mor- 
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phoJogy of the testaceous Callipborid j^juna^ a species of 

considerable interest in view of its close relationship to Auchmtro- 
myia luitola^ the so-called Congo Floor Maggot, which is a blood- 
sucker in the larval stage. 

Recent morphological studies in the domain of Veterinary 
Entomology in India have, however, largely centred round the 
question of the structure of the mouth-parts of arthropods. Thus, 
^nior-Wlute in the course of his studies upon the possibility of 
the eye -fly Stpkuncvlina funieoia being involved in the transmission 
of Frambcesia tropica^ found that the mouth-parts of this insect 
were adopted for scarifying and not for biting, as had been pre- 
viously believed to be the case. Mukherji described the morphology 
of the mouth-parts of a new species of Culicotdu {C. clavipalpU)^ 
while Sen discussed the mechanism of the working of the labium 
of the Tabanid fly Corizontura longiro^tris. The last-named 
author in 1935 also reported the discovery of an undescribed organ 
in the mouth-parts of ticks and discussed its homology with the 
hypopharynx of blood-sucking diptera. 

Of the advances made in the field of technique mention may 
be made of a method elaborated by Napier in 1930 for the artificial 
feeding of sand -files, the method consisting in the use of an apparatus 
with wooden vices and cork balls for securing the specimens. For 
feeding ticks on domestic animals, Sen, in 1933, described a special 
cup, winch he fixed to the body of the host by means of the adhesive, 
Chatterton’s compound, and experience has shown that this method 
ensures the recovery of every single tick on the completion of its 
feed. 

An examination of the records of the activities relating to the 
transmission of disease during the past 25 years reveals the interest- 
ing fact that the bulk of these activities has been directed to a 
search for the vectors of Surra {Trypanosoma evami infection) 
affecting, in particular, equines and cattle in this country. Investi- 
gation in this connection was initiated as far back as the year 1901, 
when Rogers tested the possibility of horse flies being involved in 
the transmission of the disease, and it is being actively continued 
to this day. Under laboratory conditions, the infection has proved 
capable of being mechanically transmitted, by the so-called inter- 
rupted method of feeding, through the agency of various species 
of Tabanid®, notably TabanxLs rubidus, T. s/n’oiws, T. ntmocallosuSy 
T. macer and T. Virgo. In 1921 Cross and Patel succeeded in 
transmitting the infection through the agency of the tick 
tkodorus papiilipes, and they postulated the occurrence of a cyclical 
development of the surra parasite ^vithin the tissues of this inver- 
tebrate host, in view of the fact that the latter did not prove 
infective for healthy animals until aft«r the expiry of at least 17 
days after the date of its infective feed. Cross and Patel’s expen- 
incnts were repeated at Liverpool by Yorke and Macfie and also 
bv Sen at Muktesar, but the results were negative. 
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The Question of the rectors of rinderpest lias also received some 
attention during the period, but the results have Wn for the 
most part of a negative order. Thus. Sen oatreed out an oxtcnsiN o 
series of esperiments to test the possibility of this condilion being 
transmitted by A€dei(St€gomyia)alboptciM, Musca donmtica and 
the louse LinognaJhus vituli. and positive results wore obtained onl\ 
in those instances where cnisbed bodies of infected dom<is(ica 
were inserted into pockets made under the skin of susceptible 
bulls or when saline suspensions of such bodies were injecwa 
intravenously. Bhatia. however, in 1935 succeeded in tran^ii^tting 
the disease in one out of four experiments carried out with Tacanits 

oritntis. ^ * i *i 

In the domain of canine diseases, Rao demonstratwi tlie 
occurrence of sporozoites of Hamogrtgaritui cants in the tick Rhijiice- 
phalus sanguineus and he also showed that the development of 
Filaria recondita took place in the mosquito CuUx faligans, this 
being contrary to the views of Grassi and Caicndruccio who claimed 
to have encountered the embryos in certain species of fleas and also 
in R. sanguineus. The condition that has received the largest 
amount of attention, however, in relation to the question of vectors 
J6 the so-called tick fever in dogs, particularly the fever due to 
Bt^esia gibsoni. In regard to this, Kao, in South Inilia, brought 
forward some evidence to show that the infection was in all pro- 
bability conveyed by IJ<Btnophysalis btspinosa, while Sen, working 
at Muktesar, obtained positive results with R. sanguineus, but 
both these observations await confirmation. 


V. Heuid^teolooy. 

For a long time stock owners were in all good faith inclined 
to question the importance of the parasitic worms and deny that 
they do any special damage. They often attributed the losses 
due to worms to other causes, as the common symptoms of hel- 
minthiasis are not alwa^'s sufficiently spectacular to attract imme- 
diate attention or are masked by super-imposed bacterial infection. 
In recent years, however, there has been a gradual realization that 
in a tropical country like India helminthiasis is a most serious 
menace to the health of the domestic animals. 

Credit for the earlier work in Veterinary Helminthology' in 
India is due mostly to a few enthusiastic officers of the Veterinary 
and Medical services who made valuable but spasmodic contributions 
to our knowledge of the helminth parasites of Indian hosts. In 
recent 3 ^rs, however, more interest has been aroused in the study 
of helminthology following the discovery of certain helminths as the 
causative agents of several diseases of domesticated animals, 
which had baffled solution for a long time, and the science has 
now been placed on a better basis at the Muktesar Institute and 
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attention is also being paid to it at provincial Veterinary 
Laboratories and at some Universities. 

^*cterina^y helminthology aims at the conservation of animal 
health, by attempting the control of the parasitic worms, but, 
as has been pointed out by Leuckart, without a detailed knowledge 
of the salient features of the taxonomy, organization and life- 
histories of the different worms it is impossible to determine the 
nature and extent of damage which they do or to devise means to 
check their infection. The elaboration of a system of accurate 
identification and classification is essential to obtaining control 
over the various worms, and neglect of this will leatl workers on the 
treatment and prevention of helminthiasis into blind alleys and 
result In loss of time, money and energy. During the period under 
review a large number of helminths have been described from Indian 
domesticated animals. Most of them have been brought together 
in a valuable monograph ' Helminth Parasites of the Domesticated 
Animals in India', published by Bbalerao in 1934. Although the 
work is mostly a compilation of the published papers on Indian 
forms it provides a much needed, ready reference book, but since its 
publication a number of new worms have been added to the list and 
the total number of helminth parasites which have been des- 
cribed during the last 25 years from domestic animals in India is 
now too numerous to be mentioned here. Special reference should, 
however, be made to the round worm, MecUlocirrxu digitatus, first 
recorded by Sheather at Muktesar in 1917, which is a common 
cause of parasitic gastritis in cattle throughout India resulting in 
much economic loss. 

Parasitic worm.s or helminths form an economic and not a 
natural grouping. They are referable to two important phyla 
which are related by habit only. They are divisible into four main 
groups, i.e., flukes, tapeworms, roundworms, and thorny -headed 
worms. The last mentioned group has received little attention in 
India. Though a thorough knowledge of the life-history of a 
parasite Is necessary in devising means to check its infection the 
life* histories of very few helminths in India have so far been worked 
out- Liston and Soparkar, in 1917, carried out extensive studies 
on the life-history of the cattle blood fiukc, Sekistosotna spindalis. 
They discovered that the snails of the specie.^ IndopianorbU exustus 
and Lyraruxa acuminata serve as the Intermediate hosts. Anant 
Narayan Rao, in 1933, worked out the life-history of another 
important parasite Uchisiosoma nasa/ia, and showed that the snails 
involved in its life -cycle are IndoplanorbU txtuius and Lymn<za 
luteola. The .same worker established the life-cycle of Filaria 
recondita, now known as Dipttaliyntma reconditum, a parasite ot 
dogs, in 1923. The intermediate host of this round worm is CuUx 
(atUjans. Bhak-rao, in 1932. showed that snails of the species 
Lymncpa acuminata act as the intermediate host of Fasciola giganiica 
in the Kumaon liills, Srivastava in 1936 established the life-cycle 
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of a common tapeworm of Indian doga and caU— Ucaows/o,-/-.. 
Itneatus. He found that non -poisonous snakes, lizanls amt wi!<l 
rats serve as the intermediate liosts of this taix»wonn. 

While adult Amphistoines are to all intents and pi ir poses 
non .pathogenic they are highly pathogenic In their immature 
staces which are passed in the intestine, specially the (hiorlonum. 
Rewntlv the life-historv of Cof///oj)horon coff/hj)f/orum lias been 
elucidatW at Muktesar «nd it has been showm that u biological 
control to check infection is available. It has been proverl cxihti- 
mentallv that when the siiaiLs, lM//ojjianor6is ert/sfn.^, winch serve 
as the intermediate host, are infected with an aquatic ohgocli»te, 
ChaiogasUr limnaei, they cannot be infccte<l witli trematode larva' ; 
while the same snaiU when free from the oligocliate readily yiel<l 
to miracidial infection. In recent years evi<lence has hceii forth- 
coming to show that the disease of sheep and goats, known as 
Ofiiar or Pitto in the Punjab and Sind, is cause<l hy immature 
amphistomes, and the same condition has been rejiorted from other 
provinces- The life-histories of two other ainphistoincs, Parat?/p//t^ 
itomiim cervi and Fiichoedirius ehnfjaius, were worker I out by Anant 
Naravan Rao in 1931. 

The problem of the control of helminthic infection has now 
assumed a position of paramount Importance 
Bovine N^al veterinary science in India, in view of the 

ranu o several previously obscure diseasen of 

domesticated animals have in recent years been proved to be of 
helmintliLc origin. The most important of such diseases is Bovine 
Nasal Granuloma or the snoring disease of cattle. It is a peculiar 
chronic disease of the nostrils of cattle w'hich a fleets large 
numbers of animals in India and causes considerable loss to cuU 
tivators. Bovine nasal granuloma can be easily differentiated by 
its naked-eye appearance and the specific microscopic features from 
another separate and distinct affection of the noise of cattle and 
horses, namely Ehinosporidiosis, described by Krishnamurti in 
1927. Datta, in 1932, was the first to record certain definite findings 
in support of the view that bovine nasal granuloma is the clinical 
manifestation of a Schistosomiasis, where the worm seeks out the 
nose for the deposition of its eggs. With regard to the identity 
of the parasite, close morphological and life- history studies have 
been carried out in several places and it is now generally held that 
this represents a new species, which has been named SekUtosotm 
noMlU. 

The elucidation of the cause of a persistent debility of equiites 
^ „ in India had baffled the attempts of workers 

^cirrhosis * ^ time. The etiology of this peculiar 

form of nodulated hepatic cirrhosis, associated 
with intractable debility, of equines was largely obscure till Datta 
in 1933 showed it to 1 m the clinical manifestations of a Schisto- 
somiasis. The parasite responsible for producing this condition is 
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Schistosoma indicum Montgomery, 1906. The predilection seat for 
the deposition of ova is the distal portions of the intestinal tract, 
particularly the large colon, rectum and also the liver. 

Another important disease of equines which has recently been 
Bursatl confirmetl as being of bdmintbic origin in 

India is what is commonly known as ‘ Bursati *. 
The history of this disease of equines in India dates back for more 
than lOD years. It is a chronic indammatory disease of the skin 
and subcutaneous tissue of equines. Till recently two views were 
held in regard to its etiology: (1) that it is of mycotic origin, 
and (li) that the disease is caused by helminth parasites deposited 
in pre-existing sores by flies. Datta, in 1933, adduced definite 
evidence to show that this condition is a habroncmic granuloma 
due most probably to Habrontma musca, involving the skin and 
the internal organs such as the lungs. 

Lichen tropicxis or * Kboojlee * in horses in India is another 
Khooilee disease the etiology of which has been under 

^ study at Muktesar. In the past the disease 

was ascribed to a number of factors such as dietary, non- 
hygienic, renal or hepatic disorders^ etc. and specific agents like 
lice and fiingus, etc. It has now been demonstrated that micro- 
fliarite are invariably present in the sections of the affected 
tissue though they have never been observed in the blood of the 
affected animal. The habitat and the identity of the adult worm 
are not yet definitely known. The recent finding of Onchocerca 
cervicalis in the Hgamentum nuchtt of horses suffering from Lichen 
tropicus is, however, of interest. 

Amongst the chronic diseases of the bovine skin in India, 
„ hump sore is one that has for many years 

Hump sore baffled the attempts of scientists to chicidate 

its cause, and evolve a satisfactory method of treatment. The 
disease appears in the form of a sore generally localized in or 
abotit the region of the bump ; rarely the lesions may be situated 
at the yoke place, fiat of neck or over the region in front of the 
anterior margin of the scapula. The disease docs not cause any 
acute systemic disturbance in the animal though the condition at 
times assumes very distressing features owing to the continuous 
attacks of flies. Pande worked out the etiology of tliis condition 
in Assam in 1935. Definite evidence has been brought forward to 
show that it is a filarial disease. The microfilari® as well as the 
adults have been obtained from cases of hump sore. The adult 
parasite lias been described as a new species of Slephanojtlana 

— S. ussamensisy n.sp. ... r 

Verminous pneumonia in domesticated animal.s is one 
most outstanding diseases for which no satisfactory method ot 
treatment or prevention is so far known. In addition to the 
pneumonia caused by the migrating larval of certain helminths, 
pulmonary sj-mptoms may be caused by worms which have their 
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final habitat in the lungs. The most imirortant addition in recent 
years to the list of such worms has been the discovery of Fare^fron- 
oviws pneuinoniciM at Muktesar in the lungs of sl.eep and goats. 

The helminth parasites of poultry in India liave not received 
the attention which their importance warrant.s. Our knowledge 
of the worms of poultry is still very meagre as is evident from tlic 
recent discovery of a number of highly imporUnt forms, such as a 
representAtive of the genus Prosihogonimu^P. tndictis, n.sp., in 
thVovidact of fowls. This genus is considered by European worlvors 
to be the most pathogenic trematode group affecting poultry. ^ 

The occurrence of cutaneous bleeding or blood boils Jms 
been shown to occur in different species of animals in several 
provinces. The parasite appears to be Parajilaria muUipapillosa. 
Several species of Thehzia on the external surface of the eyes 
of animals have been recorded and the invasion of the aqueous 
humour of the eye of equine subjects by the so-called Filar ta 
oeuli {Stlaria equina) is a common occurrence. 

Recently, however, a separate and more serious condition 
affecting horses in certain north Indian stud farms, has been 
proved by researches at Muktesar to be due to a species of micro- 
filaria, but the adult parasite still remains undiscovered. 


VI. Animal Breeding and Genetics. 

It is now recognued that tbe breeding of domosticated animals 
is a science, knowledge of which can act as a safe guide to all breeders 
capable of following certain laws of selection and mating on the 
one hand and scientific feeding on the other. Both Agricultural 
and Veterinary Bepartments are now increasingly engaged in this 
work as they recognize that» the more important contagious diseases 
having been brought under control, the most impoitant obstacle 
in the way of brewing and rearing good animals in India has now 
been removed. 

In India cattle and agriculture are inter-dependent, and the 

r' K .41 A improvement of the one means the improvement 
1-ame oreediog Although India holds first place 

among countries of the world for livestock wealth and vast potential 
resources, yet as far as quality is concerned, she has noth^g to be 
proud of. Previous to the period covered by this review very little 
attention was paid to cattle breeding, but during the last 25 years 
Government have taken active steps to help the cultivators to rear 
better stock. The shrinkage of pasture lands and the reclamation 
of desert tracts under irrigation have both materially hastened the 
deterioration of cattle, and it is only now that the Indian Agricul- 
turist has begun to realize that it is better to keep a few good 
cattle than a lot of half starved scrub animals, and also that the 
best way to improve his stock is to use good breeding bulls. Never- 
theless, concerted effort is still largely lacking, and far too many 
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scrub bulls remain in use resulting in the cattle population being 
of a \*ery mixed type. Religious sentiment also interferes with a 
slaugliter ])oIicy, and there is still considerable prejudice against 
early castration, as lowering the working value of an animal 
In dealing with all cattle questions, one is faced with the fact that 
the cow is only regarded as the mother of the draught bullock, 
and her other functions count for little. The buffalo is the milch 
aiiinuil of the village, and the bullock the supreme transport agency 
of India, 

Since 1907, the policy of importing Ayrshire and Friesian 
Cross-breeding *^**^*® adopted by the Military Dairy 

and a few Civil Farms. The first crosses got by 
the.'^e bulls were mostly markedly* superior to their dams, but 
rapid deterioration wa.s noted in the second, third and subsequent 
crosses, and attempts to cross half-bred & half-bred resulted in too 
large a percentage of poor stock. These disappointing results 
caused the Military Dairy Farms to stop the importation of 
Ayrshire bulls after 1924, and importations were limited to Friesian 
bulls. 

The progeny of these Friesian bulls did not show the same 
degree of deterioration as those from the Ayrshire. The third 
cross cow (7/$ Friesian) has been found to be a commercial cow in 
most cases, though it is very susceptible to diseases and suffers 
se\'ercly from Foot and Mouth disease. However, it has been 
found that if the third cross is made a ' back-cross i.e., an Indian 
bull is used, there is a remarkable regeneration. 

Experience gained by these experiments has shown that it is 
possible to establish a high yielding herd in a short time by crossing 
Indian cattle \nih European sires. This method is only a short cut 
and is not to be recommended on account of its limitations, as it is 
definitely unsuitable in the Jong run. For, though cross-bred cattle 
ma}' be useful for dairy farms, they are certainly of no use what- 
soever to the ryots and their value in relation to the permanent 
improvement of In<liau cattle is, therefore, practically nil. 

The successful development of indigenous breeds of Indian 
Dairy cattle has been demonstrated nowhere 
Selective Breed- nxorc clearly than in Matson’s work on the 

kSahiwal hei^ of the Military Dairy Farm at 
Ferozepore, where in 25 years a first class milch herd has been 
built up fully equal to the average milch herd in a European 
country, and nowhere was it more clearly shown that the use of bulls 
caiT 3 ing milk improved the herd far more rapidly than any other 
means ; but the bulls’ milch capacity must be knowi before hand. 
Under the Government of India, selection work combined with a 
system of line breeding is also being carried on in the Sahiwal 
herd at New Dalhi, Tharparkar and Hariana herds at Karnal, and 
yiiulhi and Gir herds at Bangalore. * j 

Similar work in the provinces has showTi gradual but decidea 
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progress during the last 25 years. The Punjab authoriries Imve 
sU^ilv pursue their Mariana bull breeding and distribution po 
from the Hissar Cattle Farm, which now aims at producing l.OOO 
breeding bulls a year, and the effect on the provincial cattle is l^coiu. 
ing marked- Selective work is also in progress on the Dbanni breed 
in the north of the province and attention is lieing paid to the 
development of the Sahiwal as a milch breed through the agency 
of Grantee Farms. 

In the United Provinces, selective work is also in progress 
with herds of Hissar and Sahiwal cattle, and also witli two local 
draught breeds knott'n as Ponwar and Kherigarh. 

In the Bombay Presidency most attention has been paid to 
the development of the Kankrej breed as a dual purpose animal at 
the Chharodi Farm, but local interest in cattle breeding is nho 
being aroused by the establishment of Pedigree Herd Books for 
other breeds found in the province, such as the Amrit Mahal, 
Khillari and Krishna Valley. 

In Madras, pure herds of the Kangayam, Sindbi and Ongole 
breeds of cattle have been built up by selection while, in tlic Central 
Provinces, attention has been paid to the Malvi. and a local draught 
breed known as the Gaolao. 

The demand in India is for a duabpurpose animal, and it is 
^ , unfortunate that this idea should have found 

^^anlSialV** its way from countries where milk and beef, 
not milk and draught, are the combined qualities. 
This combination is obviously impossible, as a good milch cow is 
a slow walker and fast walking breeds so essential for draught arc 
handicapped by milch points. DuaUpurpose work is holding back 
improvement on both classes of breeds, and it would be better to 
concentrate on milk and drauglit points separately. The Amrit 
Alabal, Kangayam and Malvi working breeds cannot be compared 
with the Sahiwal, Sindbi and Gir breeds as milk producers and 
vice verea. 

By careful selection improved types of the best cattle of 
each class are now available. Limited selective breeding can be 
utilized to improve points lacking or dormant within the type, 
but any attempt to go further will only result in damage to both 
outstanding qualities of both classes of breeds. There are a few 
dual-purpose breeds, however, in some Provinces. The Government 
Cattle Farm at Kamal breeds two t^’pes of dual-purpose animals, 
the Mariana and Tharparkar breeds. The Ongole breed of Madras 
is also a dual-purpose breed, but being heavy, consumes a large 
amount of food and as such is not economical for the poor cultivator. 
The Kankrej of Bombay is a dual-purpose breed, but it matures 
late, calves twice in 3 years and is difficult to manage. 

In India it is very difficult to find any breed which is really 
Purity of Stock Indiscriminate breeding has gone on far 

too long. The Sahiwal breed, which is usually 
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regarded as the purest milch breed, is reported by Matson as capable 
of reproducing X from X to X only 3 times in 4, while many of the 
high yielding cows cannot breed true. The inheritance of characters 
in Indian cattle is highly complex, and the breeder will meet with 
many disappointments before the indigenous breeds are thoroughly 
purified. 


The pedigree is merely a description and can never be taken 
Pedigree ^ basis for milch improvement, though most 

progress to date has been made by the use of 
pedigree bulls. Until a bull is proved, he is as much a factor for 
harm as for good in any pedigree milch herd, and the better the 
herd the greater the risk run by using an unproved bull. The first 
Sindhi bull which was furnished to the Allahabad Agricultural 
Institute decreased the milk production of all bis daughters below 
their dams. After three generations of progress in a breeding farm 
at Surat the introduction of a bull in the fourth generation brought 
about a serious set back in the yield of all his daughters. 

Genetics teaches us that a parent can be judged by the quality 
Progeny Test offspring and in milch circles this is the 

* ^ only road to sure progress. The old method of 

breeding for milk by the purchase and use of a young bull of known 
milch pedigree for high performance at the pail is now known to be 
a pure gamble, and the only definite way of improving milch stock 
is by using a proved bull whose stock testifies his ability to transmit. 
A Sahiwal herd, bred on scientific lines, has been established 
at Pusa ^ for upwards of 32 years and a number 
Sclentiflc work problems are under study there. In particular 
reference may be made to some which were com* 
menced by Wynne Sayer in 1932. He found 
that the late maturity of the Sahiwal breed (the heifers did not take 
the bull until 2 years and 6 months, while the bulls did not serve 
until over 3 years) was a very great obstacle to the work of intro- 
ducing proved bulls, as the average bull was well over 9 years 
before anything was known about his daughters. Special feeding 
was, therefore, introduced and bulls are now serving at one year 
and 7 months and heifers taking the bull at 1 year and 6 months 
to 1 year and 8 months. In all oases the stocks thrown are normal 
and as healthy as those bred from and by older cattle, The results 
are far reaching and should accelerate the improvement of milch 
breeds considerably. 

The causes of the gradually increasing number of cases ot 
impotency in bulls and sterility in cows in the 
Impotency and pusa Sahiwal Herd have been under investiga- 
Sterility 1“ since 1931 and it has been found that most 

breed ng these cases were due to faulty feeding pursued 

in the past. Some of the cases, which were not amenable to treat- 
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ment by changed rationing, yielded to hormone treatment. 
Detoxicat€d aod neutralized urine of cows eight months and o^'cr 
in calf was injected subcutaneously in such ca«cs in doses of ll> c.c. 
for every 100 pounds body weight daily on four consecutive days, 
and this dose was repeated wherever necessary after throe weeks. 
This method of treatment is claimed to have rejuvenat^ bulls and 
produced oestrum in cows. Kerr, in Bengal, also claims to have 
obtained satisfactory results by this hormone-therapy. A few 
buffaloes were injected with Prolan at Mnktesar early in the lacta- 
tion period with a view to produce oestrum and tluis shorten the 
dry period. Animals so treated showed signs of oestrum and wore 
covered subsequently. 

The importance of developing artificial insemination in farms 
where herd numbers are large, but the number 

Artljicial improved sires is limited, is obvious. In 

loseminaticn it is intended to employ this technique 

as a means of obtaining more progeny from the imported Merinos, 
and on the Hissar Farm it is employed in conjiection witli donkey 
breeding. 

Castration of inferior male stock has been pushed on with 
^ vigour and castration by the Burdizzo cmas- 

Castration culator has now become very popular. In 191 !• 
12 the total number of castrations performed in all British India 
was only 3,042, while in 1934-35 the number was as high as 008,925. 

The buffalo has always occupied a special position in India 
^ - as a milk producer and for the higlier percentage 

Buffaio-brMdlng butt«r fat in its milk. Tbero are over a 
dozen breeds of buffaloes in the country and these animals are found 
in a purer state than the herds of village cattle due to the absence 
of any religious sentiments in regard to them, which allow unwanted 
animals to be more easily disposed of. 

Efforts are now being made by Government to encourage tlie 
keeping of well-bred male buffaloes for stud purposes, and owners 
show great care in the selection of the bull buffalo. In the Punjab 
alone, the District Boards in 1934-33 had 2,076 buffalo bulls at stud. 

. With the exception of a few Government and hlission breeding 
fsrms, goat-breeding is entirely in the hands of 
^ illiterate villagers. At Hissar, the nucleus of a 
dock of milking goats was formed in 1928 by purchases of indigenous 
animals, and by selecting the best milk prc^ucers an excellent herd 
of Jamnapari goats has been built up. These goats give as much 
as 8 pounds of milk a day at a low cost of maintenance, The 
Etah Mission Farm, U.P. has also developed two herds of Jamnapari 
and Barbari goats, which are proving good milk producers, with 
funds provided by the Imperial Council of Agricultural Research. 

It is of interest to remember that Australia built up its great 
Sheep-breeding industry by importing sheep 

from India and the Cape a little over a century 
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ago. The wool of the indigenous Indian sheep, however, is poor 
in quantity and coarse in quality. In many parts of India, 
sheep are kept by zamindars more for the sake of manure than 
for the sake of wool, sheep are thus looked upon as ‘ walking dung 
carts ’ and their entire management is left in the hands of menials 
or servants, who are not interested in the improvement of the 
breed. The introduction of Australian Merinos has proved success- 
ful in some places, e.g., at Hissar, where the cross-bred Hissar-dale 
sheep compare favourably with pure Merino sheep in wool produc- 
tion and they are hardier. Mysore also possesses a small flock 
of half-bred Merinos which are quite acclimatized and breeding 
well. 

In British India, horse-breeding is almost entirely in the hands 

Horse*breedina Army Remount Department and a few 

^ Government and private stud farms, and it is 
at present mainly confined to the northern provinces. Some horse- 
breeding is also carried out under State auspices in Kathiawar, 
M> 'sore and Hyderabad. 

With a view to making India more independent of foreign 
markets for horses and mules, the Government of India, in 1912, 
sanctioned a scheme for the formation of a horse-breeding circle in 
northern India, and horse and mule breeding areas have been 
established at Shahpur, Multan, Chenab, Rawalpindi, Amritsar, 
Meerut, Ahmednagar and Mona. Most of the sires that are being 
used are English thoroughbred stallions, but some Arab stallions 
are bred at Alimednagar and donkey-stallions at Mona for issue 
to breeders and District Boards. 

Thirty years’ experience of Indian horse-breeding has shown 
that as good horses can be bred in parts of India as in any other 
country, Much has been done by careful mating with English 
thoroughbred and Arab stallions to improve the quality of Indian 
horses, with the result that the Remount Department has already 
replaced nearly 40 per cent of the Australian stock which was 
previou.sly used for military purposes by equally good Indian 
horses. 

Since the publication of the Zondek -Aschheim test for tuo 
diagnosis of human pregnancy, efforts have been 
Equine Rreg- directed during the last decade towards evolving 
nancy diagnosis which would be applicable to 

domestic animals. Good results have already been obtained with 
mare’s urine and blood senim and six different biological tests 
have been ae\ised. At the request of horse-breeders in this country, 
this work has been undertaken at Muktesar since 1931 with excellent 


results. 3 c 

The present . da V poultry- of the world have been evolved trom 
the Indian Jungle fowl, but till recently poultrv 
poultry breeding ^ cottage industry has not received 

the attention that it desen-es in India. The successful work m 
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tHDultry breeding carried on at Lucknow and Etah for .^me year« 
Mst hL now aroused considerable interest m the dovciopment of 
this valuable industry, and poultry farms have lx*en started at 
Kifkee, Gurdaspur and other places. The industry is, however, 
severely handicapped by the ravages of contagious diseases. 

VII. Animal Nctrition. 


Although the problems connected with Animal Nutrition liavo 
been studied in other countries for a long time, it is only during the 
last few years that any attention haa been paid to this subiect m 
India This is not surprising when we remember that even the 
study of human nutrition, with which the people are directly 
concerned, did not until recently receive much consideration. One 
of the principal features of the latest developments in scientific 
research in India, however, is the better provision made for a study 
of nutritional problems both of animals and human beings and 
results already obtained point to a close correlation between defi- 
ciency in the feeding stuffs and the general condition of malnutri- 
tion observed throughout the country. The importance of studying 
purely animal nutrition problems will be apparent when we remera- 
ber that the agricultural prosperity of this country depends to a 
great extent on the better utilization of our live-stock, both for milk 
production as well as for draught purposes. 

The first organized attempt to study animal nutrition was 
made in 1921 by the creation of a Physiological Chemist *s Section 
in the Imperial Agricultural Research Institute, Pusa, and after a 
period of two years, this Section was transferred to Bangalore where 
it formed one of the two wings of the Imperial Institute of Animal 
Husbandry and Dairying. Almost simultaneously, work on this 
subject was begun at the Chemical Research Laboratories of the 
Agricultural College, Lyallpur. In 1926. work of a similar nature 
was commenced at the Agricultural Research Institute at Coimbatore 
and quite recently, with funds provided by the Imperial Council 
of Agricultural Research, Animal Nutrition work haa been started 
in the agricultural laboratories at Dacca. 

The above laboratories have confined their attention mainly 
to the question of feed in relation to the productive capacity of 
animals and important resulU on this subject have been obtained. 
On the disease side, the question of malnutrition in relation to tlie 
health of animals has been studied at the Imperial Veterinary 
Research Institute, Muktesar, from 1930 in close collaboration with 
the Military Department, as also with various provincial workers, 
and valuable information has been obtained as to the extent of 
nutritional disorders of animals in different parts of the country 
and the method of their prevention. 

From the brief statement made above, it will be observed that, 
properly speaking, scientific research in Animal Nutrition has been 
in progress in India for the last 15 years only. Within this short 
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time, however, results of considerable importance have been 
obtained and the problems connected with the nutrition of farm 
stock are now better understood. The experimental work carried 
out has been mainly of two types. In the first, a survey has been 
carried out of the different Idnds of foodstuffs available in the 
country, their area of cultivation, soil conditions, the chemical 
composition of the crops, their digestibility coefficients and nutritive 
values. These have in a way involved the second type of work, 
namely, feeding experiments, the testing of feeding standards, feed 
in relation to milk production, growth and repr^uction, mineral 
and vitamin requirements and malnutrition in relation to ^sease. 


To give some details of this work, it may be stated that Indian 
Coarse fodders ^o^rse fodders have received a good deal of 

attention in most of the laboratories, because 
roughages form the bulk of the ration of animals in this country, and 
malnutrition and nutritional disorders almost invariably arise from 
deficiencies in the roughages. Feeding trials on various typical 
fodders have shown that very great variations in quality exist in 
fodders of the different parts of the country, the nutritive values 


ranging from 14 to 60 S.E. per 100 lb. of the dry substance. The 
protein content has been found to vary from 1*9% to 18% which 
has been attributed to the soil conditions, stage of maturity and 
characteristics of the species. With advancing maturity the 
amount of digestible protein and Starch Equivalent value decrease 
steadily, wliich fact is very significant from tlie practical feeding 
standpoint. 

Maintenance and nitrogen balance experiments with typical 
„ hays have been carried out in several of the 

lal^ratories and a comparative study has been 
made of the digestibOity of some of the feeders in the green state, 
as silage, and as hay. The work on the protein requirements for 
resting bullocks has shown that the minimum quantit}* of digestible 
protein required for the maintenance of a 1000 lb. bullock is about 
100 grams per day and that when fed at this level the animal can be 
kept at nitrogen equilibrium. 

In a study of the utilisation by cattle of rice straw, which is 
_ . the staple fodder in Bengal, Assam, Madras, 

Rice straw some parts of the United Provinces, Bihar and 
Bombay, it has been observed that rice straw has a higher net 
energy value than that assigned to the American product. In the 
course of this work it has been found that excessive feeding with 
rice straw may produce persistent diuresis, due to the high potash 
content of the straw, and tliis maj' ultimately lead to a disturbance 
of the mineral metabolism of the animal. 

Many experiments on the nutrition of growing animals have 
been carried out in different places. It has been found that most 
of the roughages by themselves do r.ot form a maintenance or 
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productive ration and suitable supplements for meeting the protein 
or mineral deficiencies have been found to be necessary. 

Pasture grasses have been the subject of several studies and 
interesting data with regard to their feeding 
Pasture grasses values have been obtained. For example, it 
has been observed that the sUgc of maturity is an hniiortunt 
factor in the nutritive value of these gras.sea, tho pw-flowering 
stage and in-flower stage having the highest nutritive value 
which goes down rapidly with further maturity- , ^ » i 

Experiments on the mineral assimilation from typical fodders 
have shown that the assimilation of lime is 
Physiological dependent to a considerable extent upon tlic 
Problems phosphoric acid content. It has been found 
that some fodders are well provided with limo but its assimilation for 
a positive balance is entirely dependent upon a minimum quantity 
of phosphorus which must be present in the food. The resu ts of 
certain experiments show that an animal of 750 lb. live weight on 
a maintenance ration requires a minimum of 10 grams phosphoric 
acid and 15 grams CaO per diem. Various other problems of a 
physiological nature have arisen iu connection with different ex peri* 
mental works. For example, the acid -base balance of cattle urine 
has been studied with a view to determine the effect of ingestion 
of certain types of fodders on the excretion of acids in urine. Thus, 
the early cut fodders increase the volume of urine eliminated, which 
is attributable to a high amount of alkali In the food, but with 
advancing maturity the total fixed bases decrease and the pH of 
the urine tends to become lower. With certain fodders, such as 
hays, it is usual to find an increased production of hlppuric acid, 
which appears to be the main form of detoxication of benxoic 
acid produced normally in the animal body on this type of diet. 
The question of sulphur metabolism in sheep with special reference 
to wool production has also been studied in several laboratories 
and sulphur and sulphate balance experiments have been carried 
out. No significant variation in the sulphur content of the wool 
or in its yield has been noticed as a result of inorganic sulphate 
feeding to sheep, although it has been observed that sulphate can bo 
assimilated by the animal giving rise to an increased amount of 
oceanic sulphur which is usually excreted in the urine. 

Considerable attention has been paid to tbe problem of the 
conservation of excess fodder either as hay or 
conservation ^ milage. On the farms run by the Military 
Department, valuable work has been done on 
the cultivation and storage of fodder crops, but in villages much of 
the excess fodder, especially after the monsoon period, goes to 
waste because of faulty methods of preservation. In view of the 
limited fodder resources of this country, the question of the 
conservation of fodder is of the greatest importance. Work on 
silage making and losses on ensilage have been carried out in several 
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laboratories because siJage is considered to be very useful as pro- 
vidmg a form of succuJent fodder during the dry months for mdch 
animals and young stock. Experiments have shown that ensilage 
causes changes in the nitrogen content resulting in decreased protein 
value, but increases the availability of carbohydrates and the 
minerals. Attempts have also been made to ensile a mixture of 
green legume and dry wheat straw so as to produce a good quality 
silage, containing higher amounts of nitrogen, as also to increase the 
availability of carbohydrates from the straw diet. 

A brief summary has been given above of the different studies 
which have been made during the last 15 years on the feeding of 
animals in health. In carrying out this work the problem of disease 
in relation to malnutrition did not receive much attention. A 
survey of the problem of malnutrition has. however, shown that 
due to deficient or faulty dieting large number of animals suffer from 
a state of chronic malnutrition which leads to loss of productive 
power, gives rise to various nutritional disorders and increases 
susceptibility to disease. For example, in many parts of the 
country, the milk yield of the cows is very low, sterility is common 
and mortality in calves is high. Various disorders such as bone 
diseases, reproductive troubles, blindness in calves, etc., are known 
to occur in many parts of the country as a result of malnutrition. 
In view of the close connection between nutrition and disease it is 
now considered necessary to study the subject of animal nutrition 
not only from the standpoint of the requirements of the healthy 
animal, but also from the standpoint of malnutrition in relation 
to susceptibility to disease, and although the problem is an all- 
India one, it has to be tackled regionally as well, as there may be 
considerable variations in the tv'pe of malnutrition observed in 
various parts of India. 

With a view to study the more fundamental problems connected 
with nutrition in Indian animals it has recently been decided by the 
Government of India to establish a Central Animal Nutrition 
Institute at Izatnagar under the administrative control of the 
Director, Imperial Veterinary Reseai*ch Institute. This, it is hoped, 
will give a considerable impetus to the study of this subject in this 
country and lead to a better understanding of the dietetic require- 
ments for health, growth, productive capacity, and ability to resist 
disease of our animals. 
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I. Introouctiox. 

The development of the agricultural interests of India by the 
scientific departments of the Government dates back only to about 
35 years. In the early days* the pioneering agricultural officers 
naturally devoted the major part of their energies to the improve* 
meiitof the .*itaple food crops of the people, and scientific development 
of the cattle-dairy industry did not receive much attention until 
within recent years. It was hardly realized that the money value 
of the animal husbandry products of India ran into crores of rupees 
everv year and that out of this colossal amount, the value of milk 
and milk products alone amounted to over 350 crores annually. 
The most valuable pioneering work in <leveloping the dairy industry 
in India has been done by the Idilitary Dairy Farms Department 
of the Government of India. The medical authorities responsible 
for the health of the British troops stationed all over India became 
alive to the fact that the health of the soldier and his family 

( 230 ) 



KOTHAYAX/LA : DAlBV HOSBANDRY. 


237 


depended largely on a pure «'ind safe supply of iiu k aiu in ilk 
product-s. To ensure this the military authorities establisiml their 
own dairy farms at all the large cantonments in the country. Ihis 
was the beginning of dairv fanning on modern lines in Ituliii and 
the successful establishment of these huge concerns run on sounch 
scientific principles demonstrated to the country at large the 
possibilities of commercial dairying. 

The Imperial Department of Agriculture in India, as ajwrt 
from Ihe Military Dairv Farms, first took up the tjnestion of the 
development of the dairv industry In 1906 when the then Director 
General of Agriculture in India founded the existing herd of pure 
Rahiwal dairy-cattle at Puaa. Within a short time of the com- 
mencement of the scientific and systematic improvement of tlic 
staple crops of the country, it was reali 2 ed that If the .success of the 
general improvement of agriculture was to He achieved and the 
fertility of the Indian soil maintained, cattle improvement must 
receive due consideration. The cow was required not only to 
provide motive power through iU male progeny for the tillage of 
the soil and the haulage of crops in this country of small tenants, 
and for the provision of bulky manure for its hungry soils, but 
also for providing milk and its products for the physical welfare 
of iU teeming vegetarian millions. The improvement of cattle in 
this country, therefore, became a question of improving the duity 
husbandry and vice versa. 

The development of this all important cattle-dairy industry of 
tlie country has been marked by definite stages in its progress. 
The first practical step seems to have been taken in 1916 when the 
Board of Agriculture in India gave a definite lend in this direction 
by making the recommendation that if the dairy indust r}' of the 
country was to develop on proper lines it must receive expert 

S iidance. This brought about the appointment of the Imperial 
airy Expert and the organization under him in 1920. This was 
very soon followed by the establishment of the Central Bureau of 
Animal Husbandry and Dairying, also a result of the efforts of the 
Board of Agriculture to help the industry. The Report of the 
Royal Commission on Agriculture (1926) indicated the lines on which 
the general uplift of the agricultural and cattle wealth of the country 
should be carried out and the means of achieving the same. One 
of the outcomes of the recommendations of the Royal Commis- 
sion was the creation of the Imperial Council of Agricultural 
Research, which since its inception in 1930, has done its utmost 
in promoting the interests of animal husbandry and dairying. 
As the importance of the development of the dairy industry 
began to be realized, it was felt that apart from the organiza- 
tion required for the development of the general agriculture of 
the country, there should be a separate organization for promoting 
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the interests of animal husbandry’. In accordance with this 
decision, institutions dealing with the subject of animal husbandry 
were separated from the Agricultural Institute of the Imperial 
Government in 1935. 

As far as service to the dairy industry is concerned to-day, the 
only organization directly concerned with it is the one under the 
Imperial Dairy Expert comprising the Imperial Dairy Institute, 
Bangalore, and its affiliated stations. Soon after the creation of 
the Imperial Dairy Expert*s post, it was realized that if the future 
dairy industry was to be built on sound lines, dairy education, 
the scientific investigation of the various problems connected 
with it and the necessary guidance to the men in the trade through 
advice, should form the three comer stones of the edifice. The 
efforts of this organization have, therefore, all along been directed 
in these channels. The Provincial organizations have supplemented 
these efforts towards the advancement of the industry mainly 
by the improvement of the cattle breeds indigenous to the various 
provinces. 

Dair 3 dng does not merely imply the handling of milk and 
milk products, but the breeding, feeding and management 
of the dairy cow are equally important factors in the successful 
development of this important industry. In dealing with this 
subject, therefore, the writer has preferred the use of the words 
'Dairy Husbandry' in place of ‘Dairying* which is generally 
interpreted in rather a narrow sense. 


II. Dairy Education. 

Experience in the past indicates that whenever a dairy enter- 
prise had proved unsuccessful, it was due more to its being put 
in charge of an untrained man than to any other cause. It 
was, therefore, realized that unless the trade was provided with 
the services of scientifically trained dairymen, capitalists would 
fight shy of investing their money in this industry. To deal 
with this situation the Government of India in 1923 established 
the Indian Dairy Diploma to be given to successful candidates 
after a two years* training at selected institutions. This training 
mainly aimed at turning out experienced dairy ^farm managers 
who could organize dairy enterprises and run them successfully 
as commercial concerns. Hundreds of such trained men have now 
been made available to the dairy industry and have proved their 
worth. This training was further supplemented by a post-graduate 
course which aimed at preparing candidates for more advanced 
specialization in research work. At the same time the requirements 
of the ordinary man in the trade were not lost sight of as facilities 
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III. Breeding and Milk Yield. 

One of the first problems the enterprising dnirymen l.ad to 
face in sUrting dairics^on commercinl lines was to find a suitaldo 
Liry aniraal^wluch would produce milk economically to make 
dairying a paying proposition. India has some excellent 
Slished br^s of cattle which have outstanding "lorits as 
Lmpared to cattle of other parts of the world t^e 

matur of milk production. Indian cattle have wonderful stamina 
to swnd the rigours of the tropics. Resistance to diseases w 
developed to a degree wliich can be claimed by no other bovine 
populaUon of the world. But their performance at the pail 
is most disappointing. The attention of the early pioneer# m 
dairying was. therefore, mainly directed towards such methods 
as could increase the milk of the Indian cow in the shortest 
possible time. They, therefore, resorted to crossing Indian breeds 
\rith some of the well-known Western dairy breeds of cattle. 

The work done in this line for over 30 years, and mostly by the 
Military Farms Department, has yielded results of great jntore.'it 
although mostly negative in nature. The Shorthorn, the Jersey, 
the Guernsey, the Ayrshire and the Friesian were all tried out 
by turns with disappointing results as far as the creation of 
a new dairy breed was concerned. The method of introducing 
more European blood through the cross-bred progeny to Indian 
blood had each its own disadvantages. In the former case, although 
the cross-bred daughter gave more than 50 per cent higher yield 
than her Indian dam, the increase was not maintained in the sub* 
sequent generations. The progeny, as it advanced towards more 
European blood, lost the stamina, constitution and immunity 
possessed by its Indian dam, till in the end it degenerated into 
weed. In the other case, the introduction of more Indian blood 
in subsequent generations diminished the milk flow derived from 
Western blood with the loss of the special qualities of the Indian 
animal and the ultimate result was equally disappointing. This 
cross-breeding work brought out two outstanding facts that (1) 
although it yielded an immediate increase in milk, the increase 
continued for one or two generations only and it was possible 
under very limited conditions, and (2) cross breeding as a policy 
for the general improvement of the cattle wealth of the country 
was wholly unsuitable. About the same time, efforts were made 
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at acclimatizing European cattle to Indian conditions and breed 
them pure in the country. The results of these experiments have 
been none too encouraging although they are still being continued 
and are being watched with interest. 

Experience has shown that the only sure way of improving 
the indigenous breeds for milk production was to breed them by 
pure line selection with the definite objective of developing a high 
mi Ik -yielding strain. Where this system was adopted with the 
Sahiwal, Scindi. Hariana and Tharparkar herds established at 
different Government institutions, the results obtained have fully 
justified expectations. The comparative statement given below 
of the performance of various Indian herds shows that when system* 
aticaily bred and reared, an Indian cow can increase its yield 
by Co per cent within a span of only 11 years. 

A herd each of the Hariana and Tharparkar cattle was started 
by the Imperial Dairy Expert at Kamal in 1923. The average yield 
per day over the two her^ (cows in milk only) was lb. in 1924. 
This rose to 13*2 lb. in the Tharparkar and 14*1 lb. in the Hariana 
In 1034. The following statistics based upon 568 lactations of 
the Tharparkar and 424 lactations of the Hariana show the improve- 
ment effected between 1923 to 1934-35 



TBAJiraBKAlt 

Hajuaka. 


Purchased. 

Farm Bred. 

Purchased. 

Farm Bred. 

Average milk yield 
in lbs. 

2.294 

3,791 

2,379 

3.634 

Average daya in milk 

242 

311 

25o 

304 

Average days ilry 

147 

1 

; 

1 

160 

109 

Averse Overall in 
lbs. 

' 5*6 

9-1 

56 

1 

8-S 


Out of the 248 lactations completed by the herd which existed 
in 1932. 34 exceeded 5,000, 8 exceeded 6,000 and one exceeded 
7 (XK) lbs. The highest yields reached are : Tharparkar 8,734 lbs. 
in 313 days and Hariana 7,412 lbs. in 344 days. 

Details of progressive increase in milk yield shown by herds 
at Lyallpiir. Kama I, Pusa and Ferozepore from the date of their 
establishment are given in the following table 
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AVGRAOE DAIBV YIELD 

LB. 



Lyallpur 
Agri. Col- 

Kamal. 

Puea. 

Feroza* 

pore. 

0 VO rail. 


lege Dairy 




First year 

Second year . . 
Third year 
Fourth year - . 
Fifth year 

Sixth year 
Seventh year . . 
Eighth year . . 
Ninth year 

Tenth year 
Eleventh year 
Twelfth year . . 

mm 

S-S 

71 

S-4 

80 

10-3 

10-0 

9-8 

12-2 

129 

l$'2 

132 

Ul 

O'S 

7*6 

8*3 

6-6 

6*8 

81 

7*4 

8'2 

8*0 

8-4 

10*8 

12'0 


4*8 

8*3 

9*2 

0*8 

10*6 

11*3 

IM 

11*9 

U*7 

12 5 
12*1 


Within the comparatirely short period of 20 years, one of 
the beat known dairy herds of indigenous cattle has produced 
more than half a doten cows yielding over 10,000 lbs. of niilk 
in a lactation and more than a dozen gare over 9,000 lbs. of milk. 
Besides the Indian cow is a better butter producer than her Western 
sister or her cross-bred progeny. In this respect ahe has a strong 
rival in the other class of milch animal in India, viz., the buffalo. 
Systematic breeding of the buffalo has improved the fat content 
of its milk by over 50 per cent and in some cases the milk has been 
found to contain as much aa 13 per cent fat, so that the buffalo 
could truly be called the cream or butter* producing machine of 
the country. As such, it plays an important role in the economics 
of the dairy industry in India. A systematic study of the perfor- 
mance of the two classes of animals has brought out the outstanding 
fact, that under certain conditions unfavourable to the cow, e.g., 
where the fodder available is very coarse and the supply uncertain, 
the buffalo has proved to be a better dairy animal. The work 
done in the line of breeding of cattle has thus given a definite 
lead to the dairyman as to where he should look for the right type 
of milch animal and for what purpose. Another great step forward 
is the establishment of the pe^gree * Herd Books ' for a few selected 
Indian milch 'breeds, so that at no distant date the dairy farmer 
will be in a position to obtain an animal with a known history 
instead of gambling with an unknown dairy cow purchased from 
the open market which he has at present to do. 

IV, Feedikg. 

Next to obtaining a proper type of dairy animal, the problem 
that the dairyman in India was freed with was the maintenance 
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of the animal in an efficient condition of milling by proper feeding. 
The conditions peculiar to tropical countries of the world with 
regard to the obtaining of natural fodder for cattle are also to he 
found in this country. Most of the natural fodder grows only 
during the monsoon within a short space of about four months 
when the quantity obtained is more than what the cattle can 
consume. As a result more than half the quantity available 
is wasted either by the cattle trampling it down by being allowed 
to roam about unrestricted, or by the fodder tuniing rank and 
coarse and thus becoming useless for feeding. The cattle, therefore, 
as a rule have to maintain themselves on a starvation diet for the 
major part of the year. For a milch animal it is essential that it 
should be supplied with a regular and sufficient quantity of green 
or succulent fodder all throughout the year to maintain her milk 
flow. This gave rise to the search for the most profitable fodder 
crops available in the country. Experience has proved that crops 
like ‘]owar\ maize, berseem, etc., can not only be cultivated 
successfully as fodder crops, but in their food value they com- 
pare with the best fodder crops of the world. Where irrigation 
facilities were available, perennial grasses like lucerne, guinea, 
rhodes, napier and many others proved most successful for dairy 
farms. Some of these grasses gave record yields under favourable 
conditions, e.g., the yield of guinea and napier grasse-s have been 
recorded at 180,000 lbs. and 177,000 lbs. acre in a year at the 
Imperial Dairy Institute, Bangalore. This means that an acre 
of such grasses would maintain about 20 cows in full milk through- 
out the year. After further experimentation it was found that such 
fodder crops when arranged in proper rotation not only supplied 
the requirements of a dairy herd throughout the year but they 
helped to maintain the fertility of the soil. 

Where irrigation facilities, however, were not available, the 
question arose as to how to maintain the ^een fodder in a 
succulent form after harvesting. This resulted in the introduction 
of silage making in dairy husbandry. Different methods like 
tower, pit, trencli and stack of making silage were experimen^d 
upon and it was found that pit silo gave the most satisfactory results 
being simple in design and cheap in construction. In this connec* 
tion investigations were carried out to ascertain which crops wore 
most suitable for ensilage and which was the best stage at which 
to harvest the crop for the purpose. Since its introduction, 
ensilage has become the sheet anchor of dairy farming. 

At the same time work carried out on the natural grasps 
on the grazing areas indicated that most of them were lack- 
ing in mineral matter which was generally due to heavy ram- 
fall and the general poverty of Indian soils. The deficiency 
of minerals in these grasses gave rise to certain 
diseases which greatly hampered the work of scientific cattle 
breeding. The investigations carried out indicated that addition 
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of minerals like ground limestone, iodine, boncmeal. etc to 
ordinary ration gave definite advantage m the growtli of highly 
Sstock and t^e feeding of minerals in the 

has consequently become an adopUd practice with most of the 
pedigree cattle farms in India. Amongst the many mvcstiga lions 
^rried out on feeding may be mentioned the study of starch 
equivalents for Indian foods, the determination of live weight of 
animals by measurements, the role of minerals in calf feeding, 
the digestibility of Indian coarse fodders, the digestive capacity 
of the Indian cattle, the carotene content of some of the important 
fodders and its assimilation by the Indian cow, the influence of 
progressive ripening of fodder on the mineral nutrition ot cattle, 
etc. The methods of improving the feeding value of agricultural 
residues like paddy straw which is available in such large quantities 
also received attention. Experiments are being conducted on the 
utilization in the feeding of livestock on molasses, another important 
agricultural residue, to prevent its present enormous wastage. 

Along with the roughage, the concentrates available in tiie 
country for the feeding of the dairy stock are being studied. The 
requirements of concentrates by dairy cows according to tjieir milk 
yield were determined. This resulted in the fixing of feeding 
standards and their application to dairy cows in India. The econo* 
mics of milk production in its relation to food W'ns also ascertained. 
Investigation on the feeding of special oiUcakea like groundnut, 
cotton seed, etc., indicated that each one had a specific effect 
on the milk flow and the quality of the fat in the milk. For example, 
groundnut oil-cake tended to increase the milk flow', whereas 
cotton seed cake hardened the fat in milk which helped the dairy- 
man to obtain butter of good ‘ standing up ^ quality. The dairyman 
was thus able to know the best feeds for his stock and to compute 
rations so as to be able to get the most out of the money spent 
in feeding his stock. 


V. Rbariwo akd Mai^agembnt. 

To stockmen all over the world it is known that system atio 
breeding and good feeding and management have an equal share 
in the improvement of cattle. In India, neglect in feeding and 
rearing more than breeding bas brought about the present degene r* 
ated condition of the cattle. The rearing of a good cow starts from 
the fatal stage, which means feeding the dairy cow when dry, 
a fact which was more or less unknown to the ordinary stockman, 
and, if known, was seldom acted upon. By experiments it has 
now boon possible to lay down the kind and quality of food to be 
given to the dairy cow in the dry condition and while carrying. 
The systematic breeding of stock necessitated the recording of the 
exact performance of the cow. This led to tlie practice of weaning 
the calf at birth and pail-feeding and rearing it, which was considered 
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an impossibility with the Indian cow and the Indian gowalas at one 
time, but which has now become an established practice in all 
dairy institutions which are run on up-to-date lines. Pail-feeding 
brought in the question of determining the proper quantities of 
milk to be given to the calf in Us early stages and the substitution 
of milk by other feeds like separated railk, gruel, grain meshes, etc., 
to economize milk for commercial purposes and at the same time to 
bring about full normal growth of the calf. 

S3'8tcmatic breeding also brought in its wake such important 
practices as recording the yield of the dairj' cow morning and 
evening, maintaining her pedigree history sheet, recording any set- 
back due to diseases, etc., so that the whole economic life of the 
animal could be read at a glance. 

Proper recording in its turn necessitated the numbering of 
animals for identification which in the case of the calf is done 
by tattooing the number on the ear by means of a specially devised 
machine. After maturity, however, there is difficulty in reading 
the number on the ear and the tattoo marks are, therefore, replaced 
by such identification marks as cutting notches in the ears, applying 
tin tacks in the ears and branding the number of a size large enough 
to be read from a distance. Experience of several years has indicated 
that for ordinary farm conditions branding numbers on the thigh 
was the most satisfactory method of identification. Experiments 
conducted on the comparative merits of branding numbers by hot 
iron and by a special chemical called * branding ink * Jiave proved 
that of the two the hot iron branding was more satisfactory as it 
was more humane, more lasting and did not damage the hide of 
the animal if carried out properly. 

Another problem of economic importance which the dairyman 
was faced with was the late maturing and irregular breeding of the 
Indian dairy cow. Attention was, therefore, directed towards 
overcoming these difficulties in the development of the fut^ 
dairy cow. Experiments were conducted in the force feeding 
of the animal in the calf stage and as a heifer and then subjecting 
her to special handling so that she would take the bull earlj'. The 
animal was subjected to prenatling by being milked sometime 
before she actually calved, with a view to developing her bag to the 
utmost and improving its shaj)e and thus encouraging increased milk 
flow as also avoiding udder trouble after calving. 

Further important questions which received consideration were 
milking the dairy cow more than twice a day, the effect on the yield 
and quality of milk in relation to the time of milking and theintervals 
between milking, the percentage of fat as determined in the various 
portions of the milk during milking, the effect of incomplete milking 
on the quality of milk in subsequent milking and on the cow, the per- 
sistency in lactation, standardization of lactation pen od, the most 
effective period of a cow’s life, quality and quantity of milk m relation 
to the advance in pregnancy, the effect of the season of cahnng on 
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subsequent lactations, etc. The study of the records of hundreds of 
ani^mab helped to determine the rate of milk flow of the animal from 
calving onwards for a particular lactation so that the total yield for 
that lactation could be predicted fairly accurately by the «ae ofa 
formula within a very short period of the calving of tho 
The study of correlation between body measurements and weight ot 
cows and some points of body conformation helped in judging tlio 
animal as a dairy cow. In the case of irregular breeders, cxperi. 
ments proved that the injection of hormones helped to correct 
the defect. The work on the dipping and spraying of cattle 
conclusively proved that the highly bred dairy cow could be pro- 
tected effectively against such common farm parasites as ticks, lice, 
mange, etc., and the health and efficiency of the animal c^uld 
be ensured by this simple method which is withm the reach oi the 

ordinary stockman. , 

All this knowledge is of considerable practical importance to 
tbe dairyman and iU study has tended to make the Indian cow a 
much better dairy animal than what she was. The results of 
the various investigations that have been conducted left no doubt 
in tbe minds of breeders that the Indian cow did respond to the 
treatment and management given to her in the same way as her 
sisters in other parts of the world, which have in consequence 
reached their present state of perfection. 


VI. Pboduction and Uandunq of Milk and Mn,K Products. 

(a) 3Iilk. 

With the increased efficiency of the dairy cow, the disposal 
of the increased milk yield began to receive the attention of the 
dairyman. On account of the backward condition of dairying 
in this country and the uneconomic methods of milk production 
for supply to big cities, the problems facing dairymen were of two 
distinct types, urban and rural. The existing system of city milk 
supply in India is unknown in other parts of the world and if it at all 
existed, it was replaced by better methods years ago. One of the 
biggest problems facing large towns is the housing of milch cattle 
in tbe heart of the city. This, besides being quite uneconomical 
for milk production and being objectionable from the point of view 
of public health, began to deplete tbe cattle wealth of the country 
by the premature slaughter of prime animals taken to the city 
for milk production, as their maintenance became prohibitive 
during the dry period due to high rents and want of open areas 
in or about the cities. Conditions in tbe rural areas on the other 
hand were in such a primitive condition that milk could be sold 
as milk in good condition only within a very short radius of the 
place of production. The villager had no other alternative but 
to convert it into such bandy products as ghee and khewt which, 
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though in constant demand, hardly proved economical. Efforts 
were, therefore, directed in the early days to improve the quality 
of the milk itself so that it would be useful for the manufacture 
of more paying products and its keeping quality could be increased 
for being taken to distant markets. Educating the producer 
in the cleaner methods of milk production, though desirable, 
was alow. Methods had, therefore, to be thought out under which 

PasteurUation could be accepted as it was offered 

by the producer and then processed in such a 
way as to render it safe and acceptable to the consumer. This 
resulted in the introduction of pasteurization in India about the 
year 1000. Pasteurization has been subjected to severe and varied 
tests, and it has proved to be an important factor in the economic 
advancement of the dairy industry. First the Flash method of 
pasteurization, which was in vc^tie at the time, was introduced. 
This was replaced by the Retarding or Holding method which in turn 
has given place to the Heat-exc hanging method under partial 
vacuum. Refrigeration was a necessary adjunct to pasteurization, 
as the proce.ss was incomplete without chilling the milk at a fairly 
low temperature so as to retard the growth of bacteria in milk 
and keep it in good condition till it reached the consumer. This 
introduced for the first time in India the construction of cold 
stores and cold storage plants for commercial purposes as distinct 
from the manufacture of ice. The greatest handicap to the wide- 
spread adoption of pasteurization in the dairy industry in tliis 
country was the heavy capital cost of the plant. Experiments 
were, therefore, directed towards lessening the cost of the equipment 
by leaWng out the chilling part of the process. The results wore 
ejicou raging but the new process could be worked under certain 
conditions only. In order that the fullest benefits could be derived 
from processed milk, more up-to-date methods of bottling and 
distribution of milk were introduced. 

The introduction of more sanitary utensils such as the milking 

Dairy utensils milk cans, etc., and keeping them clean 

^ and sterile presented another problem. The one 

serious drawback to the utensils ordinarily used in the trade was 
their design which prevented satisfactory cleaning and sterilization. 
Hot water, live steam and different kinds of chemicals put on the 
market were all experimented upon by turns to find out tho most 
efficient and economical method of sterilizing milk utensils and 
experience si lowed that for septic conditions, such as prevail in the 
tropics, there was nothing to equal steam. 

The transportation of milk over long distances necessitated 
Homogenisation itsliomogenization. By forcing the milk t^ugh 

the homogen izer at a pressure of 3,000 to 
6,000 lbs. per square inch, all the fat globules were broken up into 
minute particles which prevented their rising up to the surface and 
getting partially churned in transport. 
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Milking by machine was given several 

® unsuitable for Indian conditions. The hrst 

MUking machtne machine to be introduced in India was 

in 1915 Apart from the heavy initial expenditure, the milking 
macLie gave satisfactory results only if tlie machine was inain- 
tain^in clean and sterile condition which was very difficult on 

account of the unskilled nature of the labour 

As the men in the trade became more enligliteiKd, tests lor 
As the men of such as for 

Quality tests „ot fat, etc., began to be adopted 

and in the more advanced forms of dairying even determina- 
tion of the cleanliness of milk through its bacterial contents by sucli 
methods as the Reductase test, plate counts, etc. was introduced. 

In the production and handling of milk, some of the experiments 
of interest inducted were those relating to the most unitary typo 
of mUking byres suitable for Indian conditions, the merits ot 
pasteurizing and re-pasteurizing milk for increasing its keeping 
quality, shrinkage caused by pasteurization, economic study of 

bulk and retail delivery of milk and the study of the shape, size 
and number of fat globules in milk of various breeds inth a view 
to ascertaining the most suitable one for butter and gl^ee production, 
market milk, cheese, etc. Though extremes still exist m this 
country in the methods of production and handling of milk, 
improved methods liave now obtained a strong footing and some 
of the dairy institutions wiiich have adopted the mo$t up-to-date 
methods of production, handling and quality control of milk can 
rank with some of the best farm dairies in other parts of the world. 
Apart from milk itself, work done in connection with its products 
such as ghu, butter, casein, khovay oheese, sterilized milk and 
condensed milk and their relative importance is related below. 


(&) Qhfe, 

Next to milk, ghet plays the most important part in the diet 
of the vegetarian population of the country. Nearly half the 
quantity of the milk produced in the country is converted into 
ghei and its money value is estimated to be over 80 crores of rupees 
annually. Yet it is still being manufactured in the most primitive 
fashion and is very difficult to obtain in a pure state to-day. The 
usual method of manufacture is to curdle milk by natural souring 
and then churn it by a very primitive device. The result is that 
there are various gr^es and qualities in the produce put on the 
market. (7^-making is the least paying proposition for the 
dairyman. Its production is mostly in the hands of small cattle 
owners who have to resort to converting milk into ghee, only because 
on account of remoteness there is no other outlet for the milk. 
These conditions provide them with no incentive to introduce 
improved methods. Experiments have demonstrated that ghee 



248 


PROGRESS OP SCIENCE IN INDU, 


made from butter obtained by the Western method gives an 
increased yield of over 15 per cent besides being of superior quaUtv 
to the ghee made by the ‘ deshi ’ method. The adoption of the 
better method, however, is difficult on account of the initial capital 
required for the equipment. Efforts are, therefore, being made 
to standardize an indigenous method which would be readily 
acceptable to the small producer and would produce as far as 
possible a product of uniform quality commanding a better price. 
Experiments are also being conducted yo prepare gket directly 
from cream so as to eliminate not only some of the appliances 
required but also time and labour. One of the great handicaps 
in the improvement of the ghee trade is the serious and unfair 
competition from ghet adulterated with such products as animal 
and vegetable fats. Science has not as yet perfected a simple 
test by which such adulterations can be easily detected. A study 
of the different standards adopted by the various municipalities 
for testing the quality of ghee indicate such great variations that 
they are hampering the ghee trade. Various investigations have 
been carried out on assaying growth -promoting factors to determine 
whether ghee could be substituted by any other animal or vegetable 
product, as pure ghee is so difficult to obtain. All of them have 
proved that pure ghee has no substitute for providing the animal 
fat required by the vast majority of the population in this country 
in their daily diet. Millions of tons of ghee are made to-day every 
year by nomadic cattle breeders who migrate from place to place 
with their stock. Due to the unhygienic methods employed, 
the ghee produced is of such a low quality that though it is pure 
it fetches a poor price. Experiments are, therefore, being car- 
ried out to refine this ghte by physical or chemical methods. 
The storage of ghte in good condition for long periods presented 
another problem. Much work has been done in studying the effects 
of Jieat, fight and the kind of receptacle used on the keeping quality 
of ghee. The problem of the manufacture of ghte and its transport, 
storage and the detection of adulteration is so vast that all the 
scientific work done on it so far has merel;^ touched the fringe. 

(c) Butter. 

Butter can be called a recent product of the dairy industry 
when compared to the other milk products indigenous to the country. 
Butter as butter was seldom used in this country till recent years, 
although it was manufactured for conversion into ghee. As 
manufactured by the Western method, its use. increased with the 
European population in India and it is now spreading to Indians 
adopting Western standards of living. The money value of the 
annual turn -over of butter at the present day is estimated at 
Bs.CO lakhs. After the butter- manufacturing industry was estab- 
lished in this country, India was exporting large quantities of the 
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more or e$ industry introduced the mechi.mcnl sepa- 

Separator obtaining cream and tlie first separator 

to make its appearance in the country was in ";;'"da1rv 

of the important landmarks in the progress of the Indian da ry 
industry ^In fact its introduction marka a new phase n the dairy 
Susuy and that is of industrial dairying in the development 
of whi4 lies the salvation of the industry. Soon after its in- 
troduction the use of the separator began to spread to remote 
comers in rural areas where the milk was separated and the cream 
transnorted to large cities for conversion into butter. An improved 
outlet was provided for the milk produced in the country “"d 
impetus was given to rural dairying. It was however soon rwlirod 
that manufacturing butter on the spot and 

consuming centres was far better than transporting a bulky prodiiot 
like cream from the village to the city. As a result, separatmg 
stations were opened in the more important milk-producing areas 
and the cream obtained despatched to a centrally located creamery 
where it was converted into butter which was then packed and 
despatched to consuming areas. It was under such circumstances 

that the first creamery in India came to be 
Creamery erected in 1915 at Anand, the heart of the biggest 
milk-producing district in the country. The credit for pioneering 
work, even in this direction, also goes to the Military Da irj* Farms 
Department. The Great War gave an impetus to the indnstrial 
system of dairying as the Anand Creamery produced on an average 
130 tons of butter a month for the use of the troops in Mesopotamia. 
The example was copied by the enterprising dairy firm of Messrs. 
Poison & Co. of Bombay which established a creamery at Anand 
and designed and equipped it in a manner that makes it the biggest 
and most up-to-date creamery in the East and equal to some of the 
best creameries in the West. Both farm and creamery methods 
of manufacture of butter produced a crop of problems for the 
scientists. With the introduction of Western methods of butter 
^ manufacture, lactic culture starters for ripening 

Starter cream came inte use. Work was, therefore, 

carried out in isolating and fixing the aroma-producing lactic acid 
organism from ‘ dahi ' to be used in cream ripening which would be 
moat suitable for Indian conditions. Another problem that the 
butter manufacturer was faced with was the high acidity in cream 
obtained from out of the way places. Investi^tions were, therefore, 

carried out in the pasteurization and neutraliza- 
* tion of cream to a standard quality product. 

Similarly, problems relating to the improvement of the flavour 
of butter, its salt and moisture contents, its packing, storage and 
transport, all received attention as they arose, till to-day it can 
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be said that the method of manufacturing butter both on farm ‘ 
and creamery has been standardi 2 ed to suit all climes and conditions, 
and it is now easy for the man in the trade to decide what to do. 


(d) Casein, 

The advent of the separator produced an additional by-product 
of milk» namely, separated milk whose disposal stiU remains a 
serious problem in areas where butter-making industry has estab- 
lished itself. Its use as a marketable product is at present very 
limited, due to the isolated position of the milk-producing areas. 
When separators were first introduced, it was a common sight 
to see this valuable by-product thrown away in open fields. In 
1912 a German scientist had found a use for it in the manufacture 
of casein, but the whole process had remained a commercial secret 
till the outbreak of the War when the German was interned. The 
factory was then bought over by a private firm and the method 
of making casein was divulged. Casein, thereafter, became a cottage 
industry for the small stockman although it was made in a very 
crude form. The method consists of curdling the milk by some 
means and then sun- drying it after washing and pressing out 
the moisture. The casein thus obtained is of a poor quality and 
its demand for export trade is, therefore, limited. It is the one 
product of milk which, if manufactured up to the standards required 
by the foreign markets, has got a great future. Work is being 
carried out in improving its qualify by trying methods of manu- 
facturing it by mineral acids, lactic acid and rennet and on its 
washing and subsequent treatment. 


(e) Chtut. 

The annual im|>ort value of cheese amounts to Us. 7*6 lakhs. 
There are numbers of varieties of cheeses indigenous to the country 
but the}* belong to the soft cheese class and their method of manu- 
facture is so crude that they cannot stand long transportation. 
Their importance and use is therefore limited to certain local 
areas. Another great handicap in the development of the cheese 
industry is the great prejudice to the use of* rennet ^ in its manufac- 
ture by the vegetarian population. The use of cheese is, therefore, 
confined more or less to the non-vegeterian classes who have no 
religious objection to the use of animal rennet. The import^ 
cheeses are mostly consumed by the European population and by 
big hotels. Attempts were made at manufacturing some of the 

foreign varieties of hard cheese in this country 
Hard cheese they were fairly successful. The process 

of Cheddar cheese-making has now been sUndardized for the kind 
of milk obtainable, i.e., of the cow and buffalo, and to suit other 
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Soft cheese varieties bare been standardizod after consider- 
able scientific mrestigotion. Of late, attention ha5; been paid to 
finding a suitable substitute for the animal re^et and u.Mnc \o^- 
table rennet so that the use of cheese in the daUy diet raa> become 
more widespread, thus producing additional outlet for nulk. 

(/) 5/en7i2€d Mill. 

Though there are no exact figures available of the quantity 
of sterilized milk consumed in this country, there u a fairly well- 
established demand for it. more especially from boats touching 
Indian ports and for infant- feeding. Certain conditions peculiar 
to India offer great possibilities for developing this branch of the 
dairy industry. For example, there are tracts of India where 
largi herds of cattle are maintained mainly for the production of 
improved tvpe of animals. The production and handling of milk 
in their case is of secondan' importance, as the remoteness of the 
places present serious difficulties in the disposal of such muk. 
Milk is therefore more or less wasted in such areas. If. therefore, 
sterilization of milk is introduced in such tracts, it would not only 
make cattle-breeding more remunerative, but with the possibilities 
of keeping sterilized milk indefinitely and transporting it over 
long distances it can be made available ia areas where there is a 
great paucity of milk. That trade in sterilized milk can be estab- 
lished in this country was proved by a long series of experiments 
conducted for over a period of four years in the sterilization of 
milk in bulk and in bottles by Mentor’s process. As in all scientific 
investigations, difficulties were at first experienced in keeping the 
bacterial growth of the milk under control in bulk sterilization, 
but they were soon overcome and the method proved a success. 


(^) Condenad Milk and Milk Pctvder. 

According to Customs figures, India to-day imports milk pro* 
ducts from foreign countries in the form of condensed milk and 
milk powder and its other preparations to the tune of 0*7 crore of 
rupees annually. This indicates the immense possibilities which 
lie in the maniiacture of these products in this country and of thus 
providing a better outlet for the raw material which at present is 
stagnating in most of the rural areas. Preliminary experiments 
were carried out in the manufacture of condensed miJk with a view 
to the better utilization of the village-produced milk and they 
yielded encouraging results. Samples of condensed milk, both whole 
and separated and sweetened and unsweetened, were successfully 
manufactured and the results are now required to be tried out on 
a commercial scale. No systematic investigation work has, how- 
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ever, been carried out on the manufacture of powdered milk, 
though it is one of the products which has great possibilities for 
internal as well as external trade. 


(ft) Khova or ^ava. 

This is one of India's indigenous products which has an annual 
turn-over of Bs.lO crores per annum. It represents milk in a 
partially desiccated form and is mainly used in the manufacture of 
confectionery. like gftec, it is a poor paying proposition for the 
dairyman, but he is compelled to manufacture it because in 
the first place he has an assured market for the product and 
secondly, because he cannot find any better outlet for his milk. 

VII. Matters op General Interest. 

While progress on the scientific side of dairying was satis* 
factorily achieved, there was litUe hope of making any headway 
against such difficulties as unfair competition irom adulterated 
products, the grip of the money-lender over the producers, etc. 
in this country of small holdings unless the producers were properly 
organized. Co* operation was considered to be the only feasible 
method of bringing about the salvation of the small producers. 
Early efforts were, therefore, directed towards organizing the dairy- 
cattle industry on a co-operative basis. This method was found 
to be pre-eminently suitable for the supply of milk to cities from 
rural areas and an example of this is provided by the Co-operative 
Milk Union of Calcutta. 

This involved the adoption of the creamery system of dairying 
in rural areas, the need for which in the future advancement 
of this important industry cannot be over-emphasized. Denmark 
provides a living example of what can be achieved through 
co-operation as applied to the dairy industry in a country of small 
holdings and where the industry is organized on creamery basis. 
India in one respect is more suitable for the development of village 
dairy creameries than most of the countries which have adopted 
this system because of the fact that cattle are kept in the villages 
and are thus grouped together in centres close to where the creamery 
would be situated. These might take the form of creameries 
for butter manufacture and pasteurizing and chilling milk for 
despatch to the cities, milk condensories, casein works, dried 
milk and ^ftcc-making centres. The establishment of such cream- 
eries not only provides a better outlet for milk from rural areas, 
but the development of the village dairy means more employment 
to the farmer and his family in the rearing, feeding and milking of 
his cattle. The breeding of an improved type of cattle would 
be taken up seriously as a business proposition only if the produce 
of the cow, viz., milk, can find a proper outlet and can fetch a good 
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Price for the o^er. Unless, therefore, the creamery “j; 

Lstemis introduced in rural dairying and the flow 
to urban areas from its existing uneconomical channels, the urban 
poDuktion will continue to get an unhygienic impure and costly 
fupplv of milk and the wanton destruction of the cream of the 
catUe wealth of the country will continue. The Gujerat 
tlie Bombay Presidency, where the butter industry has established 
itself, provides an illuminating example of bow prosperity for the 
countryside follows in the wake of the industnal or creamery system 

‘^^“'above chronological statement of events would be in- 
complete without a reference being made to the valuable work 
carried out by the recently started marketing surveys (since 
1935). As a measure preceding actual derelopmcnt work, preli- 
minary surveys, in respect of agricultural commodities, sucli as 
wheat, rice, oilseeds, fruits, milk, ghee, hides and skins and eggs 
are already underUken. The Agricultural Produce (Grading 
and Marking) Act, 1937, is the outcome of the activities of this 
department and this will enable approved traders to grade and 
mark argicultural and animal produce according to the standards 
laid down by the Act. A ghet conference was recently held at 
Simla where the ghu merehanls agreed to grade and mark ghee 
according to the above Act. Thus a start has already been made 
in the proper grading and marking of dairy produce so as to provide 
an incentive to the producers and traders to deal in improved 
quality products. 

To recapitulate, the progress of the dairy industry of tlie 
country depends upon an improved type of milch animal. Im- 
provement of the milch animal can only be achieved if a better 
outlet can be found for the increased quantity of milk fron\ the 
improved cow. This in turn means helping the trade with men 
trained in the technique of dair^dng and assisting it to solve its 
many problems through scientific investigations. Co-operative 
organizations will be necessary to free the small holder from the 
clutches of the money-lender and to bring within his reach the many 
advantages which can otherwise be obtained only by large invest- 
ments. The industrial system of dairy iiig will have to be established 
in rural areas to ensure for the producer a constant demand for 
his produce and an organized market which allows him a reasonable 
price for bis commo^ty. Lastly, legislative control is necessary 
to protect the producer of genuine and wholesome products against 
unfair competition. Then and then alone can progress be achieved 
in the improvement of the cattle wealth of the country and milk 
and milk products of assured quality brought within the reach of 
the poor classes, thus catering for the prosperity and welfare of 
the nation. 

Dairy husbandry, as understood in the foremost dairy countries 
of the world, is still in its infancy in this country, but there has 
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been some progress since its birth eren against odds. With the 
general awakening which has come all over the country and the 
lead given in the right direction by His Excellency the Viceroy, 
the future is pregnant with great possibilities. It is to be hoped 
that before long India will be able to range herself with the 
foremost dairy countries of the world. 
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I. I^TRODCCTTOK. 

Before considering the progress of Archeology in India during 
the past twenty-five years, it would be worth while recording the 
state of archseological studies at the beginning of^ this period. 
Indian archseology has just completed a century of its existence, 
commencing from the time when James Prineep deciphered the 
ancient Br&hmt script of India and laid the foundations of an exact 
knowledge of India’s past, based on an understanding of contem- 
porary records, Systematic arcbsology, however, can be said 
to have had its birth after the country had settled down subsequent 
to the turmoil of the Mutiny of 1857 and with the institution of an 
Arebseo logical Department of India under the direction of General 
Sir Alexander Cunningham in 1862. During the first twenty years. 
General Cunningham and bis Assistants carried out an exhaustive 
survey of the monuments and antiquities of Northern India and 
work was started simultaneously on similar lines in the Bombay and 
Madras Presidencies. After a short-lived experiment in 1885 
of a Director General charged with the duties of conservation as 
well as research, archsology fell under the shadow of retrenchment 
in 1888, when except for an Epigraphist in Madras, a Surveyor in 
Bombay and another in the United Provinces, India was practicaUy 
bereft of any archaeological officers. It was left to the determined 
energy and love of antiquity of Lord Curzon to organize a proper 

1 1 must hare record my appxvciatioa of the valuable help 1 received 
from Mr. Q. Yazdani, Dr. u. H. Krishna, Mr. M, B. Garde, K. 6. Sana 
tniah, Bai Bahadur I^yag Dayal, Dr. Chakravarti, Mr. KrUhtmmacharlu, 
Mr. T. N. Bamacbandr^, and Mr. K. O. Majumdar in the preparation of 
this chapter. 
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Archaeological Survey for the whole of India » and place it on a 
sound administrative and financial footing. The appointment 
of Sir John Marshall (then Mr. Marshall) to the post of Director 
General of Archaeology in 1902 heralded a new era of archaeological 
activity in India. 

During the first ten years, Sir John Marshall’s task consisted of 
organizing, developing and perfecting the machinery of the 
Arcb.'Eological Survey in this country in every direction. Thus 
the loose -knit Circles of India were welded together by the presence 
at the centre of a single' head whose existence ensured a uniform 
and liberal policy in matters of research and the preservation of 
monuments, as also in the encouragement of epigraphical studies 
and the establishment and development of museums. The in* 
auguration of systematic excavation in India and the introduction 
of scientific methods as evolved in Greece. Italy and other Western 
countries, stand to the credit of Sir John l^IarshalJ. Owing to 
the fact that the previous work of the Survey under General 
Cunningham was concentrated more or less on the problems of the 
ancient geography of India, with particular reference to the 
Buddhist sites visited by the Chinese pilgrims, it was at first thought 
advisable by the newly constituted Survey to re-examine these 
sites and control the results obtained by an earlier generation of 
investigators. Thus excavation work was done at Rajgir, Sahet* 
Mnhet, Kasia, Samath, Mirpur Khas, Peshawar and other places 
in North India, before it was decided to commence operations in 
a more extensive and entirely unexplored field, viz., that of la^ng 
bare the stratified remains of ancient cities and bringing to light 
material illustrative of the life lived in these cities oentuiies ago. 
The only city sites excavated before 1912 were those of Bhita near 
Allahabad where Sir John Marshall discovered well preserved 
remains of houses, shops and streets, dating as far back as the 
Mauryan epoch, and of Basarh, the ancient Vai^li in the Muzaffarpur 
District of Bihar, where Drs. Bloch and Spooner unearthed a 
surprising number of inscribed terra-cotta seals and other antiqmties 
from pits dug at intervals. These discoveries were the first 
of a policy of breaking new ground, and the rich harvest, which 
has been eventually gathered during the last twenty-five yeaw, 
is due to the steady and unceasing efforts continued by the 
Survey under the direction of Sir John Marshall. 

In spite of over three quarters of a century s effort in the 
field of Indian anUquities, the starting point of Indian arcb«olo^ 
in 1912 remained unchanged and the birth of Buddha 
a landmark bevond which Indian investigators never hoped W 
penetrate. In the first half of the period under review this 
bf stalemate still continued, but the new light on the most 
ancient civilization of India, wliich was throw by the 
at Mohenjodaro and Harappa in 1924, quickly 

;eption of Indian archeology, and the age of Indian antiquities, 


conce 
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instead of being reckoned in centviries before the Cliristian crn 
was at one stroke carried back several millennia before the birtli 
of Christ and centuries before Abraham JiveiL The period from 
1925 to 1931 (when the advent of a cycle of world dcprcs.sion 
arrested all further progress), can be described as a boom period, 
such as it had never been the good fortune of Indian arc)ia*o ogy 
to witness. The momentum gathered by Indian archaDoIogy 
during these years of activity and the status which India had 
obtained in the international world of antiquity am refleclecl 
in the keen interest taken in problerrTs concerning India a past 
both in this country and abroad. It is hoped that tlie financial 
difficulties, which caused an abrupt cessation of activities at a time 
when archttological studies had entered a most interesting phase, 
have been successfully tided over and a smooth and regular course 
of development is in store for the future. 


II. Excavations. 

To resume the chronicle of arch»ologieal activities from 1912, 
it may be stated that in this year were 
Taxlla commenced the epoch-making excavations at 

Taxila which almost continuously engaged the attention of Sir John 
Marshall until bis departure from India in 1034 and which still 
form his chief preoccupation in his retirement. Here is a city 
on the groat highway connecting the North Indian plains with 
the highlands of Central Asia and Iran, which formed, as it were, 
the crucible in which the cultures of the indigenous races wore 
blended with those of the invading races, Greek and Persian, 
Scythian and Parthian, and which finds prominent mention in 
the accounts of Greek historians and in early Indian literature as 
a wealthy city as well as a seat of learning. Tlie high expectations 
raised by the investigations at such a site have been amply fulfilled 
by Sir John Marshall’s work contmued for over two decades. The 
operations at Taxila have covered about a dozen different sites 
within an area of some 25 square miles, embracing three separate 
cities and more than half a dozen BuddMst establishments of con* 
siderable magnitude. The earliest of the cities is the pre -Greek city 
at the Bhir mound site which has yielded, among other early anti* 
quities and objects d’art, important hoards of punch-marked coins 
which have added so considerably to our knowledge of the earliest 
currency of India. The most intensive work has been done at the 
site of Sirksp, which was the second city of Taxila, founded by the 
IndO'Greek kings and apparently evacuated in the second half of the 
1st century A.D. The lay out of the town with the regular arrange* 
ments of streets, lanes and houses has been carefully uncovered, 
stratum by stratum, and thousands of coins, gold and silver 
jewellery, bronze statuettes and stucco figures, domestic utensils 
and other objects which were discovered have now been preserved 
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m the beautiful Museum erected near the site. The third and 
latest city site named Sirsukh whicli pertains to Kusb&n times 
has so far been examined only partially. 

Among the Buddhist sites, the one nearest the city and the 
most prominent and extensive is the Cliir Tope, or Dharmarajika 
Stupa, a gigantic establishment ^ith a lofty central Stupa (said 
to have been founded by the great A^oka). surrounded by scores of 
smaller votive Stupas, chapels, and extensive monasteries. The 
hills in the vicinity of the city of Taxila provided beautiful retreats 
for Buddhist monks, and the remarkable finds at the hilly suburbs 
of Jauliati. Mohra Momdu and Kalawan provide ample testimony 
to the way in which the piou.s citizens loved to endow their religious 
estiiblishmcnts. 

The other city site of P&taliputra, the capital of the Empire of 
Pa^aliputra Mauryas, which Dr. Spooner commenced 

to excavate in the same year (1912), unfortunate* 
ly offers a fur Jess favourable field to the systematic excavator, 
Here, the accumulation of some 20 or more feet of alluvial silt 
deposited by the waters of the Ganges and its tributaries makes 
it well nigh imposKiblo to recover the regular plans of the houses 
or the lay out of the streets. Dr. Spooner’s work brought to light 
traces of the palace of the hlaiiryas, with its roof supported on a 
hunched stone columns, which, it was pointed out, was based on the 
prototype of the throne -room of the Achaemenian Emperora 
At Porscpolia. The more elaborate conclusions regarding the 
intlueucc of Iran on the early history of India, which Dr. Spooner 
based on his fiiuls, were much criticized at the time, but a substratum 
of truth regarding Iranian influence has found a universal acceptance. 
Excavations were carried out at Bulandibagh for a numl>er of 
years, in course of which a number of wooden structures — part 
of the famous palisade of the city — and a remarkable cacb^ of terra- 
cotta figurines was discovered. Recently quite a wealth of 
material of Mauryan age of artistic and technical importance 
including magnificent examples of the lapidary's art has been 
brought to light from the lower levels by sewage operations earned 
out in the city of Patna, which it would have been almost impossible 
to obtain by regular excavations. 

In 1913-14 Sir John Marshall commenced his exploration at 
the site of Safichi where he laid bare the entire 
complex of Stupas, monasteries and temples 
® on the upper plateau. The way in which 

these noble monuments of Buddhism — the best preserved structural 
relics of this faith in the country of its birth — have been conserved 
reflects groat credit on the Bhopal Government. Within a short 
distance from Safichi is Besnagar, comprising the ruins of the 
ancient Vidi^a, where work was commenced in the same year 
by Dr. D. R. Bhandarkar and was financed by the Gwalior State. 
Here were discovered the remains of an ancient temple of Vasudeva, 
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Nalandi. Mir* 
pur K h a $ » 
Sarnath» Taxila, 
etc. 


which is among the oldest of shrines dedicated to the ^ alslinavito 

^^'^^During the next few years (1014-1922) the Great War aiuUho 

post* war conditions proved a great fiaiidicnp 
Works during progress of research in the arcliu'ologieal 

War and Post- ot her scientific fields. The onl^' exeava* 

tions w'hieh were 4*ondnct<*d fhronghout tfiis 
period ww those at Taxila, where Sir John Marshall toiitiiu»-cl 
to bring to light fresh groups of Buddhist Stupas nml moiinslcTics 
and extended his researches to the lower strata of the siicccs,sive 
cities. The site at Snmath came in for some fresh excavation 
in IOU-15 at the hands of Mr. H. Hargreaves, who brxnight to fight 
some important dated sculptures of the Oupta period and a jiumlier 
of unique heads and other antiquities of the Mauryan period. 

In 1916-17 the Royal A.siatic Society's grant cjmhled Dr. 

Spooner to com m cnee work at NS Ian da, which 
has continued unabated for two do cades, the 
bulk of the work being accomplished by Mr. J. 
A. Page. The comple.x of Stfipas, twnples and 
monasteries brought to light at N&kndft afford a 
unique insight into the development of Buddhism in Eastern India 
during the later centuries of its exi.stenco, and the wealth of epl* 
graphical and artistic material reeovere<l from this seat of learning 
is indeed remarkable. In the same year Professor Bhandarkai* 
carried out excavations at the site of Mirpur Khas in Sind where 
six years previously a Stfipa had been opened up by Jlr. Oousens. 
Professor Bhandarkar's discovery consisted of a court of votive 
Stupas and remains of monasteries dates blc to the 0th century A.l). 
In 1917-18 the late Dr. Tessitori, a young Italian scholar carried out 
some interesting explorations in the Bikaner State, bringing to 
light some interesting terra-cotta and ancient burial mounds, which 
unfortunately have not since recei%’ed the attention of explorers, In 
I918*19some work was done at Santa th, but arch»ological activities 
were mostly at a standstill. Some mere interesting discoveries from 
Taxila including Mauryan and pre-Mauryan antiquities from the 
earliest city at the Bhir mound site and the exploration of a small 
mound at Shalibundam in the Ganjam District by Mr. A. H. 
Longhurst are the only mentionable works. 

In the next year (1919-20) there was also some more work at 
Archsology after Nalanda, but the inauguration 

Reforms of 1919 Reforms of 1919 opened a new chapter 

in the constitution of the Department. Arehoeo- 
logy, which was hitherto receiving divided attention from the 
provincial and Central Governments, became the sole charge 
of the Central Govemmeot from 1921. The Epigraph ical Depart- 
ment was entirely reorganized, a new Circle was started for Bengal 
and Assam, and the Archeological Section of the Indian Museum, 
Calcutta, was entrusted to a. whole -time Superintendent. From 
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the year 1921-22 the Archasological Department began to 
issue its Reports in a consolidated form instead of each Circle issuing 
a separate publication. During this year work was confined to 
Jamalgarhi in the Frontier Province, where some annexes of the 
Buddhist monasteries w'ere brought to light, and to Samatb, 
where some further work was done. 

The most epoch-making finds, which changed the course of 
archaeology thereafter, were made in 1922*23 
Mo^^nlVdaro when Mr. R. D. Banerji excavating the ruins 
of a Buddhist Stupa at Mohenjodaro in Sind 
came upon certain seals with pictographic characters, which were 
till then known only from the site of Harappa in the Punjab. 
The full significance of the discovery was, how'ever, not apparent 
till the summer of 1924 when Rai Bahadur Daya Earn Sahni^s 
finds from Harappa and Mr. Banerji's Mohenjodaro antiquities 
were compared by Sir John Marshall, who perceiving the importance 
of Mr. Banerji 's discovery, immediately brought the existence 
of this ancient prehistoric civilization to the notice of Western 
scholars. As Sumerian scholars were the first to point out the 
striking affinities between the antiquities and particularly the 
scripts found from the Indian sites with those from Southern 
Mesopotamia, the newly discovered civilization was at first called 
Indo-Sumerian. Later, as it was found to be prevalent throughout 
the Indus Valley, which appeared to be its main, though not the 
exclusive habitat, it was re-named as the Indus Valley civilization. 

From the year 1024-25 onwards the Government of India 
liberally financed the schemes of exploration 
and research in the various parts of India, 
thanks to the great stimulus afforded by the 
discoveries in Sind and the Punjab. In place 
of some Rs.20,000 to Ra.30,000 usually allotted 
for the purpose of exploration for about 

j ^ sum of about Rs.60,000 was sanctioned during 

the year 1924-25, which was increased to Rs.l lakh from the 
year* 1925-26 and Ks.21 lakhs in 1926-27 and subsequent years, 
in 1924-25 it was left to the writer to take charge of the work 
at Mohenjodaro after the importance of this site had been 
recognized for the first time. On the extensive site, which covers 
about a square mile of rolling mounds, a number of tren^es 
were dug to expose the nature of the structures hidden, ine 
• results obtained were sufficient to demonstrate the existence ot 
a widespread city and the character of its antiquities, of whicD 
over 7 000 were registered during the season. Similar 
tions continued at Harappa by Rai Bahadur Daya Ram Sa^i 
further increased our knowledge about the site at Harappa* 
During the next vear almost the whole resource.s of the 
were concentrated at Mohenjodaro under the personal direction 
of Sir John Marshall, and several mounds were simultaneously 
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explored After 1927 work in this field wa.s entrusted entirely 

P r H Mackav a scholar who had experience of excavations 

he was associated being the great city of Kisl, The results of 
activities at Mohenjodaro during the i^ri^ I’P. 'V i"ii 
been published in three large volumes by Sir Joht Marshal w h e 
the subsequent work at the site under Dr. E. J. H. Maekaj i« the 
subject of a large monograph from the pen of the excavator^ It is 
difficult to summarize the extensive researches earned on at Mohcn- 
lodaro during a decade. It may be sufficient to note that in the 
name Mohenjodaro is epitomized the entire progress of Indian 
Archaologv during the last decade and half. 

Briefly the ruins at Mohenjodaro are those of an extensive 
and well-planned city that flourished some 
Mohenjodaro between 3100 and 2700 B.C. and was 

andHarappa ^i^serted in the middle of the third millenium 
B C. It was never again occupied except that a lofty mound 
representing perhaps iu principal religious establisliment was 
rehabilitated for a few centuries after Christ, and crowned with a 
Buddhist Stfipa surrounded by monastic cells. The ©xen vat ions 
have revealed a city in better preservation than any other ruins 
of a later period found in India, and the civilization unearthed 
betokens civic life in advance of the contemporary cities of Sumer 
and Egypt. The stage of culture can broadly be expressed as 
chalcolitliic, although the use of stone implements was confined to 
certain forms like scrapers, while the only metals included were 
gold, silver, copper and bronzes (except iron). One of the most 
fascinating problems connected with the people is the pictographic 
script employed in their personal stamp seals and other inscribed 
objects, which bas yet baffled the ingenuity of scholars. Some 
of the buildings such as the Great Bath at Mohenjodaro and the 
Great Granary at Harappa are unique, and show the advances 
made in architecture. The civilization seems to have been 
developed by a race of practical people with commercial instincts, 
although a great advance in agriculture must have preceded the 
establishment of these cities. The evacuation of the city is hold to 
have been hastened by recurring inundations of the Indus, but 
invasions of other trib^ may also have been an important factor. 
The date of the civilization is fixed by the occurrence of definite 
products of this culture in certain dates ble strata in Sumerian 
sites. It has, however, not yet been possible to trace the further 
stage or development of the culture and the gap of about 2,000 years 
between its disappearance and the advent of the Buddhist age has 
not yet been successfully bridged. 

The work at Harappa was continued from the year 1926-27 
- onwards by Pandit M. S. Vats at the point 

a Harappa where it was left by Rai Bahadur Sahni. The 

results of his researches are comprised in a 
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Monograph of considerable size, which is shortly expected to be 
sent to the press. Among the most important finds at Harappa 
may be mentioned the remains of an ancient burial ground in two 
strati! , which has added considerably to our knowledge of this 
ancient culture, 

In 192o-2(> Mr. Hargreaves explored several sites in Baluchistan 
including a very interesting site named Nal, 
In B^amdlisrao from an ancient cemetery he found poly- 

chrome pottery of an entirely different type 
which throws important sidelight on the civilization of the Indus 
Valley. The work in Baluchistan was further continued by Sir 
Aurol Stein in the years 1927*28 and 1928*20, and a largo number 
of sites including some with marked affinity to the Indus Valley 
sites were discovered. The work of this veteran and indefatigable 
scholar, who is still exploring in Southern Iran, has brought to light 
more material in this tract,- so as to complete the chain of ancient 
culture from India to Sumer and makes it possible to frame a 
reasonable groundwork of the ancient history or prehistory of 
Western Asia. 

The extension of the Indus Valley civilization was followed 
in other directions by different investigators, 
vey of *Sind et c* Antiquities almost exactly comparable to the 

types found at Mohenjodaro and Harappa 
have been discovered by Mr. Vats at ftnngpur in the Limbdl State 
of Katliiawar and at Kotia Nihang in the Arfibala District of the 
Punjab. Within the boundaries of Sind itself the work of Mr. N. G. 
Mnjumdar has brought to light over 20 chalcolithic sites, mostly 
on the right bank of the Indus and in particular in the hilly regions 
between the Indus and the Khirthar range. Prominent among 
tliesc sites are Amri (which yielded a new pale* ware culture below 
the black on red pottery of the Mohenjodaro epoch), Lohumjodaro, 
(with a later phase of the Indus culture), Manchhar lake sites 
(where a lake-dwelling section of the Indus culture was found), 
Ali Murad (an extensive settlement near the Khirthar hills), Darob 
Buthi (where a prehistoric burial site was found), Pandi Wahi 
and Chauro Landi (whence came a fine polychrome pottery) and 
Kohtras-buthi (where a fortified bill settlement of prehistoric 
times was located). , 

The only important site on the left bank of the Indus discovered 
bv Mr. N. G. Majumdar is Chnnhudaro in Nawab* 
Chanhudaro District, which has since been the scene of 

activities of the first Expedition from abroad, working with a 
license under the provisions of the newly amended Ancient Monu- 
ments Preservation Act. This was the Expedition organized by 
the American School of Indie and Iranian Kesearch and the Boston 
ISIuj^eum, and directed in the field by Dr. Mackay. The first 
season's work in 193o-3C was highly interesting and fruitful, 
Severn I important results from the .st rat {graphical point having 
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been achieved and interesting finds having been made, Tl.is 

cv„«, .»■. 

* been reported and with more extended nivosti- 
Scope of future gation in BajpnUna and the upper Oangetie 
research valle 3 - it is hoped that the inftuonce oi tlic 
Indus civilization wiU be found to have extended over u inueli 
^der area tlwn was at one time supposed. The greatest hopes of 
the future are centred in the Gangelic valley, where hundreds of 
unexplored sites are still awaiting exapnnation, whicli must lioh 
the «eret of the course of India’s civilization during the period 
intervening between the prehistone and the histone, peiiods, 
atm seiifated by an unbridged gulf of some 2.0UU years 
Unfortunately the preoccupations in Sind and Punjab prevented 
anv attention being devote<l to the almost virgin field awaiting the 
explorer in the heart of HindustaD, but it is expected to commeHee 

work here at an early date. 

Tho iircrea$ed amount available for nelu i‘cscar<*h m the latter 
lialf of the thinl deoa<le made it posi^ibk* to 
Bengal extend the scope of excavation to the Province 

of Bengal which had almost been untouched. The mo«t prominent 
site in Bengal is that at Paharpur, whore work was begun as early 
as 1923 but was regularly taken in hand for excavation from 1923-26. 
The discoveries at this place consist of a gigantic monastic esUiblish- 
ment of the P&la period surrounding a towering four-storeyod 
temple, the walls of which were embellished by stone relief:* and 
terra-cottas throwing new light on the early history of art in Bengal. 
The work was continued almost wholly by the >vriter np to the 
5 'ear 1933-34, in which year a Inter temple complex with n number 
of important minor objects was brought to light. Work in Bengal 
was also extended to an important city site, vix., Mahasthan, the 
ancient capital of North Bengal, during the season of 1928-29, 
when important results were achieved. Rocentl)* an outlying 
mound in the suburb of the cit^* has been excavated and found to 
contain a large temple supported on a number of walls w*ith a 
curious honey -com b^ appearance. Work on a small scale has 
also been done at the sites of Baigram in Binajpur District, I^tahanad 
in Hoogly District and Rangamati in Murshidabad District, but 
owing to the humidity and subsoil, water in Bengal it seems very 
unlikely that any excavation can succe.ssfully be extended to the 
remains of a date earlier than the Christian era. The earliest site in 
Bengal brought to light onU* a few months ago is a late neolithic 
site near Durgapur in Burdwan District, which is being examined 
during the present season. 

In Bihar, besides the great work at Nalanda and P&t^liputra 
Bihar referred to above, the sites of Lauriya 

Nandangarh in the District of Champaran and 
Rajgir in Patna District have been recently taken in hand. At the 
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former site, besides a number of Stupas of early type, a gigantic 
monument ^ith several angular projections has been unearthed 
by Mr. N. G. Majumdar. At the latter site Mr. G. C. Chandra 
has brought to light the remains of an early centre of the Nagas — 
a cult of obscure origin but widely prevalent to this day. 

Except for excavation on a small scale the Madras Presidency 
has never had any large scale work done at 
any of the sites with which it is teeming. The 
find of skulls and other objects in a prehistoric 
cemetery at Adichanallur gives a glimpse of the possibilities of the 
sites in the extreme south of the peninsula, but unfortunately 
this work has not yet been organized. The only systematic excava- 
tion on a large scale done during this quarter of a century was during 
the years 1926 to 1930 by itr. A. H. Longhurst at Nagarjunikonda 
in the Guntur District in the valley of the Krishna and consisted 
of the excavation of a number of monuments including Stupas, 
chaityas, monasteries, etc. The inscriptions and bas-reliefs dis* 
covered here constitute a remarkable series and form extraordinarily 
rich material for the cultural history of the lower Krishna valley 
in the early centuries of the Christian era. 


III. MrsECM?. 

The remarkable development of Indian archeology during 
this period has been responsible for the growth 
Central Aslan Museums devoted to archeology. Of the 
Antiquities Mu- museums for which the Archeological 

Department is responsible, six have been 
constituted during tho last decade. The most important of these 
is the Museum at New Delhi, which houses the antiquities recovered 
by Sir Aurel Stein in his sucwsive Central Asian explorations, 
of which the last and most fruitful wa.s accomplished during the 
years 1913 to 1916. The ancient relics discovered in the sand 
buried and desiccated regions of Chinese Turkistan belong to a 
civilization in which Chinese, Tibetan and other elements aw 
apparent, but Indian inspiration is paramount. The remarkable 
fresco paintings, hundreds of beautiful silk paintings, most of which 
were obtained from the Cave of Thousand Buddhas, the wonderful 
textile fabrics and a variety of documents, furniture and household 
store.s, brought back by Sir Aurel Stein constitute a unique treasure 
for which the Government of India provided a special building 
in the planning of the now capital. The construction of a Museum 
wortin* of the capital of the Indian Empire is now under contempla- 
tion and it is hoped that before long this will be an accomplish^ 
fact- The collections in the Museum have been recently augmented 
by the finds from Baluchistan and Sind. 
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Ancther excellent addition to the Museums ‘*15 

Taxila Museum, which was cstaUlishccl in 
and both as regards its planning, equipment 
and collections it stands among the best mstitu- 
Uons of iU kind m this country. The progress 
of the excavations at Mohenjodaro, Harappii 
and Nalanda necessitated the arrangement for housing on tho site 
the antiquities discovered from year to year 4. 
open court type is being constructed at Nagar)unikonda in Guntur 
District to house the large numl>er of sculptures discovered ut 
this site. Recently the scope of the collections m the local Museuma 
has been more clearlv defined, and the duplicate antiquities available 
have been distributed to other museums so as to facilitate a wider 

study of the antiquities. - , 

The most important collection in the charge of the Department 
is the Archaeological Section of the Indian 
Indlao Museum, Museum Calcutta, which has shown remarkable 
Arch»ologlcal ^^^gi^pment during the last 25 years. In 

spite of the fact that no additional galleries 
have been constrocted, the existing space has been fully utilized 
in the systematic re-arrangement of the collection which illustrates 
almost every class of antiquity found in every part of India Among 
the new acquisitions during this period may be mentioned the 
representative collections from Mohenjodaro, Niland4, Taxila, 
Sarnath and other sites excavated by the Department, a fine 
collection of gems from General Pearse’s collection, besides several 
sculptures from Central India, Bengal and Orissa. 

A word must here be said about the growth of the provincial 
MuseumSi some of which, notably those at 
n^vement Bombay and Patna, have been established 
and developed entirely within this period. 
Other Museums that have shown considerable activity are those 
at Madras, Lahore and Muttra. The whole subject of Museum 
activity and Museum development has recently gathered great 
momentum as a result of the publication of a report by Messrs. 
Markham and Hargreaves, who recently surveyed the Museums 
of India on behalf of the Museums Association of Great Britain. 
Much progress is expected during the coming years, particularly 
if the Museum Conference again Incomes a regular feature and the 
authorities responsible for the administration of Museums in India 
support the movement more liberally than before. 

TV. Conservation. 

One of the most important activities of the Arcbsological 
Department and in fact one which accounts 
ofMonumems-a expenditure is that of pre- 

Central charge serration of ancient monuments. Twenty-five 

years ago conservation of monuments was a 
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provincial chaise, the Government of India only giving specific 
grants -in. aid when some work beyond the capacity of provincial 
budgets was undertaken. Since the Reforms of *1919 the pre- 
servation of monuments all over India became a central charge 
and thus the important work of preservation for posterity of the 
relics of the past was subjected to a unified and central control, 
and the clement of uncertainty of funds available for this 
national work was removed. So far as the work of preserva- 
tion is concerned India may be said to be much ahead of West 
Asiatic countries, -where little systematic effort is made, apart 
from measures carried out by private parties or by expeditions 
in respect of the monuments or sites in which tljey are interested. 
Considering that the forces of nature such as rain, earthquakei 
storms and heat play great havoc in monsoon lands like India, 
and the great pressure of population on the land tends to remove 
vestiges of ohler settlements by irrigation and by removal of stones, 
brick.s and earth for building and agricultural purposes, the steady 
campaigt) waged by the Archaeological Survey against the des- 
tructive forces of man and nature was none too early. The blow of 
retrenchment has badly affected this part of the budget as well, but 
it is hoped that the funds absolutely essential for the preservation 
of India's priceless heritage will in future never be grudged by 
the Govornmont and the legislatures. The variety and range 
of monuments on the face of this vast country is almost unlimited 
and with the opening of new* sites and fresh excavations the task 
of the conservator gradually tends to widen. The problems that 
arise with the <iecay of stone and rock surface in the famous rock 
temples of Western India like Elephanta and others have just 
been brought to the forefront and the immensity of the task will 
be apparent when it is remembered that the effect of centuries 
of neglect has been made good. The condition of most of the monu- 
ments in and around the imperial cities of Delhi and Agra has been 
vastly improved during the last 25 years, and besides numerous 
structural repairs to the monuments endeavours have been made 
to provide a beautiful garden setting around each of the principal 
monuments. Altogether a sura of about one crore and twenty* five 
lakhs of Rupees has been spent during the quarter of a century on 
the preservation of monuments and this will give some idea about 
the improvements carried out in regard to this principal activity of 
tl)e Archeological Survey. 

An important feature of archeology in India has been the 
creation of the post of the Archeological 
Archsologlcai Chemist, which has been in existence since 
Chemistry middle of 1917, when Mr. (now Khan 

Bahadur) Sana Uilah -was appointed to the post and specially 
traiijcd in England for this work. The chemical work done during 
these twenty years by Inm is summarized below : — 
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s !— Conner and its alloys, 15,640: inm, 3,658; 



Total. 28,880. 

The numbers of various speeimens examined or analyzed arc 

Copi)er and its alloys. 220 ; iron. 15 ; lead, 10 ; 
Analysis of ex- silver, 8 ; gold, 8 ; terra-cotta ami clay, 96 ; 
cavated objects faienee, 67; mortar, 26; glass and 

gUze 85 ; paper.jmlp, 3 : paintings, 8 ; stucco, 1 ; water, 7 ; 
miscellaneous, 91; Grand Total, 718. Of those, special impor- 
tance is attached to the chemical analyses of the various materia Is 
from the Indus Valley sites, glass and glazes from various sites, 
and decayed stone specimens from a large number of monuments. 
ITrom his analyses, Mr. Sana Ullah has elucidated the composition 
and technique of the meul-work. glass, glazes, faience, mortars. 
])igments and a variety of other objects which were in use in 
India from the IVth millenium down to tlie medieval times. 
The analyses of specimens from various decaying monuments 
have helped in understanding the nature of the agencies whicli 
are responsible for changes going on in them. 

At the Indian Museum, Calcutta, steps were taken to preserve 
the whole collection exhibited in the galleries, 
Treatmem o( the exception of stone sculptures and 

umVand^t $?teV inscriptions, Khotan manuscripts and coins. 

Tlie lead coins have been transferred to metallic 
cabinets {free from woodwork) after preservative treatment. 
The whole collection of bronze and iron antiquities at the 
Archaeological Museum, N&land& was treated, as also were the 
metallic antiquities at the Archaeological ^iluseum, Samath. 
Some of the sculptures at the latter institution were repaired 
and cleaned. The Arch seologi cal Chemist helped the U P. Pro- 
vincial Museum, Lucknow, by cleaning and preservation of a few 
copper plates and other antiquities. At the Delhi Museum of 
Arch«ology in Delhi Fort, the whole collection of Persian and 
^lughal paintings was elalwrately mounted and preserved. The 
task of mounting and preservation of the Buddhist silk paintings 
recovered by Sir Aurel Stein at the Central Asian Antiquities 
Museum, New Delhi, was even more taxing and complicated, but 
was accomplished by the Chemist. In the Punjab, at the Central 
Museum, Lahore, which is under the Provincial Government, 
the Chemist carried out the fumigation of the collection of carpets 
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and other embroidered textiles, besides treating several metallic, 
stucco and wooden objects. But the bulk of the Chemist^s work 
in this province was centred round the two great excavated sites 
of Taxiia and Harappa. At the former be devoted years of his 
time to the cleaning, preservation and repairs of several hundreds 
of copper, bronze and iron antiquities at the Archaeological 
Museum ; at the latter site he encamped for several seasons and 
carried out the preservation and repairs of the whole collection 
of metallic, stone and pottery antiquities. Similar work was done 
at the great site of Mohenjodaro in Sind, where the vast amount of 
pottery and metal antiquities including jewellery was cleaned 
by the Chemist and his assistant. Ab SinchS in Bhopal State, 
besides repairs of pottery and stone sculptures, a large number 
of metallic antiquities were cleaned. In the field of preservation 
of fresco paintings, which forms one of the most important branches 
of preservation work in India, Mr. Sana UUah had the advantage 
of assisting the Italian expert, Professor Cecconi, in his work on 
the preservation of the frescoes at Ajanta. He himself later carried 
out preservation measures at Bagh in Gwalior State, where another 
important group of frescoes is situated. 

A preliminary survey of a large number of monuments suffering 
from decay has been made. It has been found 
Treatment of problem of the weathering of the stone 

menu”' monuments is beset with considerable practical 

difficulties as in other parts of the World. 
Most of these are suffering from the chemical action of rain water in 
conjunction with the gases of the atmosphere. Experiments have 
been carried out on certain monuments in order to render their 
exposed surface waterproof, by treatment with paraffin wax paste, 
but the beneficial effect has been only short lived. It is, therefore, 
necessary to repeat the treatment after a couple of years or so, 
which makes the cost thereof prohibitive. In fact, no proper 
waterproofing treatment has been found which will be reasonably 
cheap and remain effective for even a decade. Another importaut 
cause of the decay of monuments in India is the presence of soluble 
salts. These salts may be formed by the chemical changes which 
are going on in the stone itself, or may be derived from the soil 
below ; but in the coastal areas the sea- winds are responsible for 
the presence of sea-salts in the monuments situated there. Id the 
Bombay Presidency, for example, the decay of the rock-cut terapl^ 
has been prove<l to be due mainly to the action of sea -salts. It 
has, therefore, been decided to eliminate them by repeated washing 
with fresh water, or by the application of wet paper pulp which 
is taken off when dry. Since the cave temples are not expo^ 
to the rains, any surface treatment which may 
out inside will be lasting and can also be made sufficiently 
effective against further inroads of the sea-salts. This scheme, 
elaborated ' by the Archeological Chemist, has been carefully 
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inscription ;Aioka monument, Lauriya Araraj, Bilmr ; Aurai^nbnd 
Mutiny monument, Kberi ; Temples of Sibsagar, Assam and Jamu 
image, Barw'ani. 

V. Epigraphy. 

Advances made during the last quarter of a century in the 
researches and studies of Indian Epigraphy which constitutes 
one of the most important branches of archaeology m India and 
one which supplies the best foundation of history and chronology 
are as great as raried. By means of the numerous important 
daU, brought to light within this period, various missing links 
have been supplied, wrong views corrected, disputed points settled 
and fresh information added, so that our knowledge of the ancient 
history of India has improved considerably. Below arc detailed 
some of the most salient advances in Sanskritic and Dravidion 

^^‘*Xhe^ discovery in 1914-15 by Rao Bahadur Krishna Sastri 

of a Minor Rock Edict of A4oka on the Mask! 
Edicts of A^oka ujji jn Nizam’s Dominions desen'es the 
minions”' * foremost mention. This is the only record 

wherein the emperor's personal name Aioka 
appears along with the title DlvdnMpriya. The various Rock and 
Pillar Edicts discovered in different parts of India mention only 
the title in Prakrit, which rendered mto Sanskrit would be 
Dlvdndmprtyo^ Priyadaril rdjd and this king Priyadarfiin was 
identified with A4okaon the strength of the internal evidence of the 
inscriptions themselves and other literary evidence. The Maski 
Edict has confirmed the conjecture. It was again in the Nizam’s 
Dominions that later (in 1930-31) two new versions of Anoka’s 
Minor Rock Edict were brought to light, one carved on the 
Gavimath rock and the other on the Palkigundu hill, both near 
Kopbal. some 54 miles south of Maski. One of them is completely 
preserved. They add no fresh information, but they present some 
points of linguistic interest. 

Another Minor Rock Edict with an enlarged version, issued 
^ A46ka along with a set of his fourteen Rock 

discovered (in 1928-29) on a. small 
hill known as E^konda near the village of 
Yerragudi (94 miles east of Kopbg)) in the Kuniool district of the 
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Madras Presidency. This is the only place where all the principal 
Rock Edicts have been found, along with the Minor Rook Edict. 
They, too, are interesting from the linguistic point of view. 

Of unusual interest is a short inscription in Maury an BrShml, 
incised on a piece of hard limestone, which 
scrlp.lon^" from diswvei^d (in 1031) at Mahasthan in the 

Mahasthan i>o^a Distnct of Bengal. Its contents are 

similar to that of the well-known Sobgaura 
copperplate which was discovered many years ago and is of equally 
modest dimensions. Both the records seem to relate to some 
fa mine -relief measures undertaken by the State maintaining 
granaries for the purpose. 

A brief but highly important Sanskrit epigraph, of the pre- 
(liristian period, was , noticed (in 1924) on a 
stone slab at the door of a temple at AyodhyS. 
Herein we Dnd for the hrst time mention of 
Pushyamitra, the founder of the Sunga dynasty that overthrew 
the Maurya supremacy. As in the Puriinas so in the present 
inscription Pushyamitra is styled Sendpati. 

Another remarkable lithic record in Sanskrit of about the 
same age was found (in 1034-35) in situ at 
Hatlii-bada, a stone enclosure not far from 
Nagatl in the Udaipur State. It is remarkable 
that this document has reached ua in triplicate, the other two 
copies (which must have originated from Hathi-bada) having 
been previously recovered (in 19 15* 10) in the same neighbourhood, 
one in a well at Ohosimdi and the other in the outskirts of Nagarl. 
All the three are fragmentary, but fortunately almost the whole 
text has been restored, the missing portion of one Imving Wn 
supplied by the other. The record testifies to the prevalence 
at this early date of the worship of SnifakArshaGa and \*asudeva, 
i.e., the two brother.^ Balarama and Krishna of whom only the 


younger brother appears to have enjoyed the people’s adoration 
in increasing measure. All the above inscriptions arc written 
in Brail ml characters and range in date from the third century B.C. 
to the middle of the second century B.C., the last tw'o being the 
earliest known writings in Sanskrit. 

The earliest known lithic record in Kharoshthi (except the 
Asokan Rock Etiicts) has been brought to light 
Kharoshthi recently from Bajaur, being on a relic casket 
Inscriptions Menander, the well-known 

Indo-Greek Buddhist sovereign, who lived in the second century B.C. 
Among other epigraphical discoveries which can be placed in the 
first century of the Christian era are certain dated records in the 
Kharoshthi alphabet from Taxila, namely the Kalawan Copper- 
plate (discovered in 1931*32) and the Taxila Silver Scroll (found in 
1013-14). The former record is dated in the year 134 and the 
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latter in the year 136, possibly of the same era. While n 
not been quite settled as to wliich specific ern is meant, Dr. Men 
Konow is of opinion tlmt it refers to the Vikrama bamvat. Ac^cord. 
inc to tWs the years 134 and 130 would c-orresporid to A.I). n and 
79 respectively. Both the inscriptions are Bnddliistic and record 
deposit of relics by certain individuals. The later record luontions 
a KusbSna .«iOvereign but does not state hjs name. 

Quite a number of new inscriptions belonging to tlio Ku^lianiv 
rulers have been discovered and. as usual, 
Brahmi re- xnost of them are written in what is knowi 
cords of Kusbann Brilhm!, some few l)eing written 

sh&na period Kharoshthl as well. Some of the.se records 

aro dated and they refer to the Kush&na era, the initial date of 
which it has not yet been possible to fix definitely. The inscription 
engraved on a Bodhisattva statue m the Allahabad Museum is tlio 
earliest of this era, being date<l in the 2nd year. 

Seven short inscriptions in the Brahmt script of the first and 
second centuries A.D. were found (in 1927-2fi) 
Sillbara cave caves at SilS.hara in tlic Rowah State 

nscr p ons Central India. Their language is Prakrit 

and they record the excavation of the caves by one Maudgaliputra 
MQIadeva of the Vatsa gotra, the minister (am&tya) of king 
Svamklatta about whom no further details arc unfortunately 
available. Muladeva is mentioned as son of Slvamitra, gnuulson 
of ^ivadntta and great grandson of Sivanandin. As regards 
the king Svamidatta. the celebrated Allahabad Pillar Inscription 
mentions one Sv&midatta as king of KottOra in Dakshiiiiapatha 
who wa.s conquered by Samndragupta in the fourth century A.D., 
but the homonymous prini'C of our Inscriptions must have lived 
in the first century A.D. While In two of these record.s the cavc.s 
are called Si la ga ha (Skt. iUdgfiha, of which the modern Sil&liara 
U probably a corruption), in another we have drama fh pavatc 
which would mean ‘ pleasure- house on the hill From this the 
Sil&lmra caves seem to have been excavated for sportive and merry- 
making purposes. The two caves at Ramgarh, previously dis* 
covered, are of the same nature. All tlie other caves that have 
so far been discovered were Inteuded to be religious edifices. 

A wooden pillar of considerable length, containing a fairly 
Kirari of liar inscription in Brahml characters assignable 

Inscription ^ second century A.D. was dug up in 
1921-22 from a dried up tank at the village 
of Kirari in the Bilaspur district of C.P. Fortunately an eye- 
copy of the inscription was prepared instantly by a local pandit, 
for the pillar after being exposed to weather cracked and peeled 
off thereby destroying most of the inscribed letters. The deciphered 
part of the inscription reveals a number of official designations that 
were in vogue in those days. 


Sm PRATAP OOLLIGS LIBflART. 
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A very remarkable disco veiy was made in 1927 at Nandsa 
in the Sahara district of the Udaipur State » 

inscriptions ^ ^ stone Yupa (sacrificial post) 

which bears two inscriptions, both dated the 
Ki'ita year 282. Their full contents have not yet been made 
known. One of them records the performance of the Shashthiratra 
sacrifice hy one Saktiguoaguru. The term occurs in certain 

previously known records as well and has occasioned much dis* 
cussion, but now it is accepted to stand for the Vikrama Samvat. 
Unless the two KharoshthI records mentioned above are also 
dated in this very era, the present one is the earliest known inscrip- 
tion dated in the Vikrama era. 

Recently (1935-36) three more Yupas of the same type have 
come to light at Badva in the Kotah State, 
each bearing a short epigraph dated the Kfita 
year 295. The group originally consisted of 
four such posts, but of the fourth only a fragment could be recovered. 
The three inscriptions pertain to three brothers, BaJavardhana, 
Somadeva and Balasimha, sons of the Mokhari Mah&sen&pati 
Bala, and commemorate the performance of the Atir&tra sacrifice 
by each separately. Many years ago Cunningham discovered 
a seal which had the legend MokhaliMth in Brihml characters, 
but gave no name of the king. The present Yupas are thus the 
earliest which make mention of any Maukhari chief. 

During the excavations carried out (in 1926 onwards) at 
Nagarjunikonda, another Buddhist site of great 
interest discovered in South India besides those 
already known at A mark vat I and Jaggayyapeta, 
nearly fifty inscriptions on stone pillars and 
slabs were brought to light. Their language 
is a Prakrit and the script Brihmi of about the 3rd «*jtury 
AD They record gifts made to the Mahichetiya (Skt. Mana^ 
chaitya) and other religious buildings by certain queens and 
princesses of the Ikhaku (Skt. Ikshvdku) dynasty. o( the 

inscriptions are dated. The known dates are the 6th 14th. 16th, 
18th and 20th years of the reign of the Ikhaku king Ma^hariputa 
Siri-Vira-purisadata {Skt. Mathariputra Srl-Virapurushadatta) and 
the 2nd and 11th years of the reign of his son \ isethlputa Sm 
Ehuvula-Chamtamula. We already know of this dynasty from 
three similar inscriptions discovered at Jaggayyapete 
dated in the 20th year of the reign of the “'"fj 

The Nagarjunikonda inscnptions funush us with such additional 
information. ‘They mention not only M&dhanputa S^- 
Virapurisadata. in whose reign the principal 

localUy were founded, but also his father 'f“lWhuvula- 
C'haihtamula. and his son and successor tasethiputa Sin Ehuvuia 
Chamtamula. In a passage which occurs in 
inscriptions, the former is eulogized as ‘a performer of the veoi 


Inscriptions of 
Ikshvaku dynas- 
ty from Nagar- 
junikonda 
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men>bS ”f tbe royal family and the devotion to the Buddlnst 
faith on the part of the ladies of hw house are points worthj of 

"°‘*The inscriptions, on stone, copper or any other material 
discovered irithin the last 25 years, which range in date from 
?he 4th to the 16th century A.D. are by "““‘^5’;'®;.^“"^^ 

as a rule, pertain to the dynasties already well known. The recent 
discoveries have no doubt greatly supplemented our knowledge 

of their history and chronology. ^ ,,, .t 

A stone pillar was discovered (in 1928) at Muttra (Mathurir) 
which bears an inscription dated in the 61st 
Mathura la* year of the Gupta era. It belongs to the reign 

acrlption of Chandragupta II, son of Samudragupta. 

Gban<lragupta Gupta year 01 corresponds to A.D. 380 

and is the earliest date known of Ciiandragupta II, while his latest 
date 80 far known is the Gupta year 93. We liave thus an evidence 
that this monarch had a reign of at least 32 years. The pillar m 
question conteins besides the inscription also a figure identihed 
as LakuUfia, which if the identification is correct, is the earliest 
representation of this form of Siva yet known. 

A copper.plate grant of the V&kitaka queen Prabh&vatlguptft 
was found (in 1912) at Poona. This record is of 
Copper plate of great value inasmuch as it has once for all put 
nu«*n '^**‘“'*'^* an end to much controversy and has thrown 
^ a decisive light on the V&k&^ka chronology. 

It was known from certain other V&kSt&ka inscriptions tliat 
Prabhivatlgupti was a daughter of Devagupta whose identity 
was not certain but who was believed by some to be a later Gupta 
ruler. The present grant has, how'ever, left no doubt that 
Devagupta was another name of the Gupta sovereign Chnndra* 
gupta 11. 

Two lithic records were noted (in IQSd'SC) in the Allahabad 
, . . Museum, both dated in the year 87 of an 

****M«Sa8* uncertain era and belonging to the time of 
^ Maharaja Bhadramagba. Two similar inscrip« 

tions were discovered (in 1921*22) at Kosam in the Allahabad 
District, of which one is dated in the year 88 and belongs to the 
time of the same ruler, while the other pertains to Maharaja 
Sivamagha. The portion of this latter, containing the date, 
is damaged. It cannot therefore, be ascertained whether Sivamagha 
preceded or succeeded Bhadramagba as nothing is known of these 
rulers from other sources. They are held to be identical with 
the Megbas of the Purd^uu. The years 87 and 88 are suggested 
to pertain to the Kalachuri era which began in 248 A.D., as they 
we too early to be referred to the Gupta era, considering the peculiar- 
ities of their language, paUeography and manner of dating as well 
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as the fact that in the Purd^^ae the Meghas are said to have preceded 
the Guptas. 

Some copper piate inscriptions belonging to the 5th and 6th 
centuries A.D. have been discovered from 
plSes*^ ^^from Bengal. They are not ordinary land- 

Bengal grants, but are typical sale^deeds and as such 

form a class by themselves. The individual — 
a commoner, an ofiioial or a subo^inate prince^pur chases a piece 
of land from the State for the purpose of bestowing it upon a religious 
person or institution, whereby customary formalities are observed 
by the State authorities. The procedure followed is found to be 
almost uniform in all the records. Usually various functionaries 
partake in these transactions. The designations of some of them 
as well as certain peculiar terms, such as of different land -measures 
prevalent in those days in that part of the country are pieces of 
new information furnished by these documents. Eight of these 
plates namely, five from Damodarpur, one from Dhanaidaba, one 
from Paharpur and one from Baigram, are dated in the Gupta era 
and belong to the Imperial Guptas of Magadha, four to the time 
of Kumftragupta I, three to that of Budhagupta and one to that 
of Bli&nugupta (?). They are at the same time an evidence that 
North Bengal was also a part of the Gupta empire. Some other 
records of this type pertain to other sovereigns apparently connected 
with the Gupta dynasty, such as Vainyagupta, Dharmtditya, 
Gopachandra and Sam&ch&radeva, about whom more information 
is steadily accumulating from coins, seals, etc. 

The name Ghatotkaebagupta, as that of a member of the 
Imperial Gupta dynasty, was known from 
Inscription of ^ found (in 1903-04) at Basarh (ancient 

?uo?a ^^^*^***' Vail&ll) in the Muzaffarpur District of Bengal 
^ ^ as well as fh>m a coin in the St. Petersburgh 

collection, but its identity was very uncertain. This uncei^inty 
has almost been removed by the discovery of a stone macription, 
a considerable portion of which is missing, at Tumain (ancient 
Tumbavana) in the Gwalior State. It is dated in the year llo 
of the Gupta era and belongs to the time of KumSragupta I. IW 
importance lies in that it mentions Ghatotkachagupta. Ihe 
part stating hie exact relationship with Kumaragupta I, is lost, 
but he is in all probability a son of the latter and is to be 
with the person of the same name appearing on the seal and the 

coin referred to above. . . ^ 

A copper plate charter, found (in 1920-21) among the ruins 
of a monastery at the famous Buddhist site 
Nalanda Cop- Nalanda in Bihar, is of unusual interest 
per plate of Deva- ingg^uch as it alludes to the friendly relations 
paladeva existed between the P&la rulers of Bengal 

and the kings of the islands of Java and It records the 

ffrant of five villages to a vihara by the Pala king Devapaladeva. 
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The monastery was built by Balaputradeva, tho Sailendnt kii.g 
of Suvamadvipa (Sumatra), and the gift of villages was made 
at Ills request through an ambassador. Much has been knotnr 
of the Sailendra kuigs from various inscriptions found in Java 

A copper plate grant of much historical importance, assigmiblo 
to the 10th centurj' A. !>. was recently {inlUdi-Jo) 
Irda Copper obtained from a Zamindar of Irda in the Balasoro 
District of Orissa. It introduces us to a new 
boja kiDg ]Ling^, viz., K&mboja vamia. It records 

the gift of a village by the king Nayapiladeva of this family. 
The names Rajyapila, Nariyat>apala and Kayapala of the K&mhoja. 
kings found in this record are also borne by some of the P&la kings 
of Bengal, which may cause a confusion, but a close examination 
lias shown that the P&las represent quite a distinct family and 
that they were succeeded by the Ki^mbojas in North Bengal about 
the latter half of the 10th century A.D. The only other inscription 
that speaks of a Kl^inboja king of Bengal is the one on a pillar 
from Bangarh in the Dinajpur District. 

Turning to Dravidian Epigraphy, which is a specialized 
branch of epigraphy, owing to tlie profusion 
South of records and the linguistic peculiarities of 

fhe South, we find that its annals commenced 
nearly fifty years ago. In 1887, Dr. Hultzsch 
was appointed as Government Bpigiapliist to collect, examine and 
issue annual reports on the large number of inscriptions available 
in South India, where bis headquarters w'ere fixed. Dr. Hultzsch 's 
' Annual Reports on epigraphy ' embodied the activities and studies 
of the Epigraphist and his staff, not only in relation to the inscrip- 
tions in the Dravidian languages but also in those of the Sanskritic 
and Prfikritic languages, though the former on account of their 
enormous bulk and variety figured predominantly in these reports. 
With the retirement of this scholar in 1903, South Indian Epigraphy 
became even a more specialised study and the annual reports 
were more particularly related to Southern Epigraphy, though 
occaaionally important inscriptions received from the north and 
composed in the Sanskrit and Prakpt languages received their share 
of treatment. Ultimately in the year 1922, it was decided that the 
annual reports issued by the epigraphist in Madras should be 
styled * A^uai Reports on South Indian Epigraphy although 
occasionally inscriptions connected with Northern Epigraphy were 
noticed in these reports. 

During the quarter of a century ending with March, 1936, 
more than 6,000 villages were surveyed epigraphically in the Madras 
Presidency. As a result of this survey no less than 15,000 stone 
inscriptions were copied in the province and reported upon. About 
330 copp^ plate inscriptions have also undergone examination 
during this period. The contributions that these numerous records 
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hare made to our knowledge of ancient South Indian history, 
politics, economics, sociology and religion is too far-reaching 
and wide in its extent to be detailed here. A perusal of any of 
the Annual Reports dealing critically with these inscriptions 
will show what valuable additions to historical knowledge they 
have made. It may not be an exaggeration to say that all the 
historical theses from the hands of University Professors, scholars 
and research students that have appeared within the last two 
decades have drawn deep upon these fountain-heads of knowledge, 
together with the other useful series called South Indian Inscriptions- 
Texts and Texts and Translaiions Strits, in which the inscriptions 
have been published in extenso. 

Coming to the discoveries actually made during the last 
quarter of a century, mention must first be 
copper plates “^^de of the important set of Velflrp&Jaiyam 
copper plates belonging to the Pallava king 
Ko Vijaya-Nandivikramavarman which came to light in 1910. 
These have proved a veritable mine of information for the genealogy 
and history of the Southern Pallavas. The exhaustive treatment 
of this valuable document as also of another equally important 
record (viz., the Plates of the Pallava monarch 

Vijaya-Nandivarman) make volume II, Part V, of the South 
Indian Inscriptions a very important publication. In the year 
1912 attenion was drawn to a large number of Br&bm! inscriptions 
found in certain natural caves of the Madura and Tinnevelly districts 
which comprised the ancient P&n^ya country. The script employed 
in these is of the Asokan type but the language is not the Pr&kpit 
of the Northern inscriptions of this peri(^, but a mixed dialect 
composed of Pr&kpit and Dravidian elements, the latter appearing 
for the first time in lithic records. Some scholars have, however, 
tried to make these out as purely Tamil inscriptions, but the view 
lacks wide support. That these epigraphs were associated with the 
sojourn of ascetics is evident from the proximity of rock-hewn 
beds found in some of these caverns. 

An inscription brought to light in 1912 and belonging to the 
time of the Chola king Kulottunga II helpod 
to assign Sekkijar, the author of the Tamil 
work PeriyapurdMm to the middle of the 12th 
century A.D. Two important copper plate 
documents came to light at this period, referring 
themselves to two unknown Kalinga kings, Saktivarman and 
Umavarman, who appear to have ruled over the country round 
about Pithapiiram in about the 5th and 6th centuries A.D. 

In the year 1912-13 at Nilagunda in the Harpanahalli taluk, 
Bellarv district, was discovered an important copper plate 
belonging to the well-known Western Chfilukya king ^’ikramamtya 
VI and dated in the 12th and 48th years of the era started by 
this sovereign and mentioning his two subordinates Palata-Pandya 
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Copper plates 
of VIkramaditya 
VI. Tirumala I 
and Tlnivorrlyur 
Inscriptions 


and Rava-Pandya, at whose request lie made grants to some 

Br&hmans who immigrated into these parts 
from the Dravidadcda. Tlie only copper plato 
grant hitherto known as belonging to the later 
Vijayanagara king Tirumala I was also brought 
to notice in this year. The examination of the 
several inscriptions of the great and ancient 

idhipurUvara temple at Tiruvorriyur ‘ f 

eventful life of a Kerala Br&bmana general called Chaturannna- 
Pandita who was very much favoured by the Rash^rakuta king 
K Jshpa’iII. though really a spy of the Chda king and an intimate 
fn>nd^of theChola prince BijSditya. For the infamy of not 
having fallen in battle together with his royal friend the general 
felt keen remorse, penitently renounced the world, revived initiation 
and holv orders at the hands of the spiritual teacher NiiaiS|ana. 
guru and as a recluse, became the head of a ma^ha attached 
to the temple and took interest m several improvements to the 
same. Incidently light is thrown on the fact that the mother ot 
Krishna HI made some donation to the temple. 

The year 1913-14 was momentous for the discovery of tljo 
early Western Gahga grant, the Penukonda 
Penukonda putes of Midliava II (III). In Dr. Fleet's 
opinion this is perhaw the only genuine record 
of the early Gahgas of Mysore and ‘ A.D. 475 seems a very good 
date for It It has thus a great bearing on the history and chrono* 
logy of this family, as also the other connected dynasties of the 
Pallavas and Kadambas. 

With this year a new and useful feature was added to the 
epigrapliical report. Tlie late L. D. Swam!- 
Astronomical kannu Pillai who was an indefatigable student of 
ca CO a ons astronomy and South Indian chronology volun- 
tarily offered to append to the report every year a section embodying 
detailed calculations of dates appearing in tlie South Indian 
* epigraphs reviewed therein, mainly based on his Indian EphenHris, 
a monument of scholarly industry. After the demise of that sclmlar 
these calculations have been made by the departmental staff 
after the data supplied by the Ephemeris. 

The year 1915*16 was productive in that it brought to light 
an Andhra (Satav&hana) rock inscription at 
Myakdoni in the Bellar>' district. T^'o very 
important Fallava copper plates called ‘ Omgodu 
grants * were discovered in this year in the 
Guntur district. In 1916-17 a Brabml inscrip- 
tion of about the 1st century B.C. was noticed 
in the Buddhist cave at Guntupalle in the 
Kistna district, while in the same year was also discovered a very 
long and informative stone pillar inscription of the K&katiya queen 
Rudramadevi at Mandadam in the Guntur district. Apart from the 
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Tamil inscrip- 
tions 


solution it affords for certain genealogical problems connected 
Tvith this queen, the record is very interesting in that it describes 
in detail the philanthropic activities of the great Saiva-rajaguru, 
VilveSvara-Siva, who hailed from South-west Bengal {Dakshina- 
Radha). Among the several institutions provided for and main- 
tained by this noble priest it is interesting to note the existence 
of a Maternity Home (Prasuty-&rogya-d&li.). 

In the year 1917- 18 came to light several inscriptions in the 
Tamil districts which threw considerable light 
on the importance of the mediaeval South 
Indian temple as an educational institution 
and cultural centre. Another interesting discovery was that 
of an inscription containing eleven missing verses of the Tamil 
Saivn religious anthology called Devdram and the epigraphlcal 
data incidentally enabling us to determine the date of this popular 
work in its present recension. 

The year 1918-19 saw the find of six useful sets of Eastern 
^ . GaAga copper plates from Chieacole, one of 

a ga era 'w^hich is of inestimable value, as it furnishes 
the only available clue for definitely fixing the origin of the Eastern 
Ganga era. 

In 1919-20 a number of copper plates belonging to the short- 
lived dynasty of Vishoukundins came to notice 
in the Guntur district. A more important 
discovery of the year was that of another copper- 
plate grant from the same district referring 
itself to king D&modaravarman of the Ananda- 
gotra, who has palsographically been assigned to about the 4th 
century A.D. This forms a useful addition to the very few inscrip- 
tions of this period known so far. 

The year 1921-22 brought a very valuable discovery in the 
. , , , , , shape of the only known lithic record of the 

Nala inscription family of Nalas of about the 5th century 

A.D. in the Agency tracts of Jeypore (Vizagapatam district). 
Though a set of copper plates belonging to this family came to 
light about this time, the stone inscription has proved to be of 
special value in locating the tracts over which the dynasty ruled. 

Labelled sculptures in relief of the Pal lava kings Simhavishpu 
and Mahendravarman I found in the Adivaraha 
cave temple at Mahabalipuram in 1922-23 
have furnished us with contemporary portraits 
of these early monarchs of the south. A verse 
in Pallava-Grantha characters found in this 
locality, giving the names of the well known ten incarnations of 
Vifih^ku (including Buddha) has been of value in suggesting the 
tiquity of this conception and the fusion of the Brahmanic and 
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The discovery of a Brahmi inscription of about the 2nd century 
The discovery a ^ ^ 

Alluru, Naftar- the vear 1923-24 brought f olig it a 
Junikonda and gettlement in the Knslina-vaUcy, wlierc besides 
Velpuru inscrip- well-known centres, such as Amarayatl. 

Jaegayvapeta, and Bhattiprolu, a Buddhist 
StOpa was diseovered^Raiireddipallc. But the most »nporta.it 
event TIoTth Indian areh«ology of recent 

vMT 1925-26 when the great Stupa at Nagarjumkonda was dis- 
covered which next to Amarivati has turned out to be the most 
important and prolific Buddhist centre in the south. 
inscriptions and sculptures found here have furnished a 
its patrons the Ikhiku kings, and tbo« 

and^ thrown a flood of light on the history and art of this pencil. 

The same year also saw the discoverj- of the 

inscription of the Vish^ukupdin dynasty at Velpuru in the Guntur 

'^*'^'Among the important discoveries of the last decade may 
® be mentioned the interesting copper plates 

KaUAga copper Anantavarman and others who ruled 

plates, Pugalur Kalioffa about the 6tb and 7th centuries 

Inscriptions, etc. Brihml inscriptions at Pugalur 

near Karur (ancient Vaftjirainagara). the South Indian connections 
of the Jain teacher Helich&rya who hailed from Hcmagr&ma 
(Tamil* Ponnur, North Arcot district) and some hitherto unknown 
early All! pa kinga of the west coast, by name YuddhamaUa, 
Pulinnarasa, Aiuvarasa. NripamalJa and Kandavarr^rasa, yhoae 
dates range between the 7th and 9th centuries A.B. Buddhiat 
ruins and rock. out caves have been discovered at Korukonda m 
the God&vari district and Buddhist caverns and mounds at 
Nilavati and NUayyavalasa in the Viaagapatam district. A 
hitherto unknown early rock- cut temple, probably the earliest 
monument of the Piij^ya country devoted to Saiva worship was 
discovered m 1935*36 at Pillaiyarpatti in the Ramnad district. 

An important feature of the activities of the Department 
during this period was the epigraphical survey 
Epigraphical Bombay Kamatak Districts. This was 

bav'^rnatalf™* commenced in the year 1925*26 and the last 

ten years of the sustained effort have resulted 
in the inspection of 1.540 villages and the collection of about 1,600 
inscriptions from this region. These are briefly reviewed in the 
Anniwi RtporU and their publication in a djmastic and chrono- 
logical form is engaging the attention of the Department. 

As regards the publication of the inscriptions of the Madras 
V. t Presidency, only a few though very important 
Du^bUca^^^ parts of the original ‘ South Indian Inscriptions, 
^ Texts and Translations * series have been issued 

during the last quarter of a century. The last to be included in the 
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series are the valuable PaUava copper plate documents and the all* 
important Pa^dya copper plates called the Larger and Smaller 
Sinnamanur Copper Plates, "which have been critically edited. 
In the year 1918 it was decided to discontinue the series and publish 
instead volumes containing the bare Texts of South Indian inscrip- 
tions, thus placing at the disposal of scholars a much larger mass 
of epigraph! cal material, which did not merit the exhaustive treat- 
ment given to them in the * Texts and Translations * series. During 
the eighteen years that have since elapsed. Volumes IV to VIII 
of the South Indian inscriptions series embodying the texts of 
nearly 5,400 inscriptions in all have been edited and published. 
It was however found that scholars not familiar with the South 
Indian scripts in which the volume have been issued do not derive 
much help from these publications. It is now, therefore, arranged 
that further volumes in this series should be slightly different 
in plan, so as to facilitate such scholars, the purport of each record 
being given in a short introductory note in English. It is hoped 
that this series while expediting the publication will prove more 
useful to a wider circle of scholars than its predecessor. It has un- 
fortunately to be recorded here that publication has not speeded up 
during recent years and at least five volumes, two for Kanarese 
and one for Telugu and two for Tamil inscriptions, have been 
delayed in process of printing owing to want of responsible scholarly 
officers, two out of three officers specializing in South Indian 
epigraphy having been retrenched in 1931. 

In the field of Indo-^Iuslim epigraphy, the progress achieved 
during the last 25 years is not inconsiderable 
taking into account the comparatively limited 
field. Fourteen numbers, including one 
‘ Supplement *, of the Epigraphia Indo^MosUmica have been 
published, and 568 inscriptions, belonging to different provinces 
from Kabul in the North-West to Dinajpur in the North-East 
and Mudgal {Raichur District) in the South have been dealt 
with. Chronologically they begin from the last quarter of the 
6th century of the Hijra, about the time when Delhi was conquered, 
and come down to the 12th century Hijra when Moslem power 
became extinct in India. The inscriptions belong to various 
dynasties and by their wording and scripts represent the political 
strength, the cultural standards and the temperamental moods 
of these kings and their subjects. For e.vamplc. the inscription 
of Muhammad Ibn Sam on the Quwwat-ul-Islam Mosque at Delhi, 
one of the earliest Islamic records in India, shows a sturdiness 
in Its script and a religious fervour in its wording which are very 
characteristic of the feelings and temperament of that monarch, 
as will be apparent from the translation : 

'This fort was conquered and this Jami Masjid built 
in the months of the year 587 hy the Amir, the great, the 
glorious commander of the Army Qutb-ud-Daula waddin, 
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the Amir-ul-Umara Aibaq. t**® V‘®,n“nr2V Tdd 

r^fl atr«nffthen his helpers. The materials (?) of 11 lUol 

SplS on each of whi^ 2,000.000 Deliwal had been sp^n 

were used in (the construction of) tins mosque. God the Great 

and Glorious may have mercy on that slave, every one wlio 

in favour of the good (1) builder prays for this faith . 

The inscriptions of the Mughals on the other hand show a 
hiahly refined taste both in feeling and literary style, as for example 
in Akhar's inscription at Mandu> which runs thus 
‘ Lo the owl hath built her nest 
In Shirwan Shah's high storey, 

Warning nightly by her cry, ^ 

Where now thy pomp and glory \ 

A similar spirit is noted when one reads the epitaph on tho 
Princess Jahanata’s tomb at Delhi : — 

‘ Aught not but green grass cover my ^mb 
For it is pall enough for an humble spirit. 

The inscriptions of the minor dynasties of Bengal and the 
Deccan exhibited a highly omamenUl style of wnting, called 
the Tughra. The inscriptions of Husain Shah and Nusrat bhah 
of Bengal represent very good specimens of this style by thetr 
elaborate schemes and intricate designs. In the Deccan, owing to 
Iranian influence, the Ibulth style of writing also was developed 
to a high level and the inscriptions of Bahmani Kings on the 
Madrasah of Mahmud Gawan or on the tomb of Hazrat Khalilullah 
at Bidarshow much force and elegance in their design and technique. 

The study of Moslem inscriptions has proved very useful in 
correcting the dates of important historical events such as battles 
or accession and death of kings. These records have also helped in 
fixing the boundaries of the empire of several kings, for example the 
extent of Muhammad Tughlaq's empire in the Deccan and the 
South, which is described in the haziest way in contemporary 
history, can now be fixed with certainty with the help of the in» 
scriptions which have been discovered by the Archaeological Survey. 

Similarly the dates of the establishment of the various minor 
dynasties which sprang up at the disintegration of the Bahmani 
I^gdom have now been fixed with precision with the help of 
inscriptions and the doubts raised regarding them by bistoriana 
have been satisfactorily removed. 

The study of the Moslem inscriptions of India is thus being 
conducted on a scientific basis and the historical, literary and 
artistic aspects of the subject are receiving the closest attention. 


VI. Numsmatios. 

Numismatics in India has made considerable progress during 
the last 25 years, which has been very recently summarized in 
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connection with the SOver Jubilee Supplement of the Numismatic 
Society of India which occurred in 1935. The Society started by 
a handful enthusiastic numismatists has now enlisted wide support 
among Indian numismatists, and is on a sound footing. In India 
numismatics has an important part to play in eliminating some 
of the darkest comers of Indian History. In the escavation 
of historic sites the association of coins with other antiquities, 
such as terra-cotta, pottery, etc., leads to the assignment of dates 
to antiquities and the different strata. In certain periods of 
Indian History, such as the history of Gujarat and Kathiawar 
in the 2nd to 4th centuries A.D., coins are the only available material 
for the reconstruction of the chronology of the Western Kshatrapas, 
who were rulers of the country. 

The earliest coins in India are the punch-marked coins, the 
study of which has recently engaged the 
Earliest Indian attention of a number of distinguished scholars 
*** and numismatists. Much light has been thrown 

during the last quarter of a century on the nature and sequence 
of the symbols and on the authorities, who must have been res- 
ponsible for their issue during the long period through which they 
were current. The most important finds of these coins came from 
the excavations at Taxila where a large hoard of 1,167 silver coins 
was found in association with one Siglos of the Persian Emp^ 
and three Greek staters which were the issue of Alexander the 
Great and Phillip Aridaeus. Another hoard of 170 copper punch 
marked coins was found with a gold coin of Diodotus and some 
Mauryan jewellery. These finds have proved that the 
marked coins were the main currency in the North-West in 4th 
and 3rd centuries B.C. when the Mauryan Empire was at the 
zenith of its power. The system of weights, the sequence of the 
symbols and other connected matters have been of late very carefully 
studied. It is plausible to conclude that the remarkably wide 
range of the occui-rence of this class of coins which have been f<mnd 
from Peshawar in the North-West to Dacca in the North-bast 
and have been known to occur in Hyderabad State and even m 
the Madras Presidency— is closely associated with the expansion 
of the Mauryan Empire. A large number of hoards from different 
parts of Bihar have been recorded during the last 20 yearn «md 
this is quite in accordance with the fact that Bihar formed the hub 
of the empire. Each individual hoard has been carefully recorded, 
but not intensively studied, and it is j-et too early to say y^*^****^ 
tlie variations in the symbols are due to the different mints or t 
local authorities adopting a definite set of symbols, arranged in 
a particular order. An exhaustive survey of the puneh-markrt 
coinage wll be found in Mr. Allan’s recent Catalogue <>« 
of Ancient India in the British Museum. Mention may also 
nindc to the important work done by Mr. Durga Prasad m 
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Indo-Greeka Saka number of coins and by the effort of individual 
and other coins unjlsmatists such as Captain M. b. C. Martin. 

Ti J Paruok has considerably advanced our knowledp o 

S,d. Wn“„ coin, .nd hi. L„ogr.ph o„ >>» " 

for a long time continue to be the standard work on the 
An important hoard of 363 corns found m the Rakha h ‘s m 
Sinbhum District. Chhota Nagpur throw 

so-called Puri Kushin coins, inasmuch as one of the lot bears an 
inscription. The obverse of this type shows a human ^8“^ 
a crescent and the reverse has three cones in arrow and the legend 
tanka, which is supported by 63 other sp^iraens of the tyi» f^rn 
‘another hoard of coins from Bslasore Distnet. Onasa Ara^g 
the later Kush&nas a new ruling chief Salonavira has been discovered 
by Rai Bahadur Prayag Dayal m a hoard of debased gold coins 

^’^^"^oJr^nowledge of the Andhra Kings has been advanced by the 

discovery of a new king Apilaka from a com 
A new Andhra discovert at Balpur in Bilaspur and described 
by the writer. Certain new varieties of the 
known Andhra kings have been described by Professor ^tekar. 
Tribal coins which account for a good deal of India 8 currency 
during the early centuries of the Christian 
Tribal coins have bad some more additions to them 

such as 6ibi-janapada coins discovered by Dr. Bhandarkar from 
excavations at Nagari near Chitorgarh. A very interesting 
discovery is that made by Dr. Birbal Sahni at the Khokra Kot 
Mound in Rohtak District^ Punjab. Here were found clay moulds 
numbering over a thousand which contain the impressions of an 
important type of early Yaudheya coins (cireo 100 B.C.) throwing 
important light on the method and technique of casting coiris. 
The legend refers to the region named Bahudh&nyaka of the 
Yaudheyas, which must be identified with South-East Punjab. 
Mention must here be made of the great work done by the late 
Dr. Jayaswal in elucidating many dark corners in the early history 
of India by throwing light on the readings and interpretations 
of coins of the early centuries of the Christian era. 

In the field ^ Kshatrapa coins a considerable advance was 
^ ^ , made bv the important hoards found during 

a apa cc a quarter of a century, the best known 

of which is the hoard numbering over two thousand from 
Sarwania in the Banswada State of Rajputana. Quite a number 
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of the existing gaps in the dates of the western Kshatrapa rulers 
have been completely filled up and very little uncertainty is 
now left in this branch of numismatics. 

In the Gupta period the publication of Mr. Allan's catalo^e 
^ of Coins of the Gupta dynasty in the British 

Gupta coins Museum which appeared in 1914 constituted 

a great advance. Since then notable additions to the series 
continue to be made by various scholars including Sir Richard 
Burn, Mr. Panna Lai, Dr. Hirananda Sastri and others. 
Recently the name of a Gupta ruler named Vainya Gupta has been 
detected on some coins by Dr. D. C. Ganguly. 

Among the dynasties of the south, the Rashtrakutas are 
now for the first time credited with coinage. 
Coins of medl- ruler's name being Subhatufiga. The 

aval dynasties j^lng 3 ^ now being definitely known 

to have issued some of the type of coins known as Padmatankas, 
A large find of over 16.000 coins found at Kodur in the 
Nellore District, Madras, consists of Padmatafikas. issued by the 
Chaiukyas and Yfidavas. presenting interesting vaneties. .pother 
large hoard of the meditaval pericS is that of the 16,000 electrum 
coins found at Aunjhar in Banda District. These wew issued 
by Lalit&ditya, king of Kashmir in the 8th century A.D^ and 
provide corroboration of the claim made for him m the 
Rijatarangipl that he occupied the Gangetic provinces. 

In the field of early Muslim numismatics considerable advance 
has been made, several catalogues and other 
Early Muslim smaller contributions having been published, 
coins Among the contributions of outstanding 

importance are Mr. Nelson Wright's Catalogue of the coinage 
and metrology of the Sultans of Delhi, which will long con^nue 
to be the standard work in the field. Important contributions have 
also been made by Mr. H. R. NevUl. The coinage of Mala va and 
Gujarat has been further studied by Messrs. Singhal and Gyani 
and a large hoard of coins of the Bengal Sultans found m D^ca 
has been laid under contribution by Mr. N. K. Bhattasali. The 
coins of the Sultans of Madura have been studied by Mr. Shamsuddin 

In the field of Mughal numismatics much solid progress is 
noticeable, thanks to a number of impo^nt 
Mughal coins hoards of coins having been brought to bght 
particularly in the United Provinces. At least 8 new i^ta have 
been discovered from these hoank an^d the collection 
Museum, Lucknow, now claims to be the best ^out 6,^ cmw. 
Among the foremost scholars who have studied llu^al coins 
arT Messrs. Wright. Whitehead. Brot^. Sir Richarf Burn a^ 
Professor Hodivala. the work of the last-named scholar entit y 
‘ Studios in Mughal numismatics ’ standing out as an unparalieieO 
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example of research in this branch, and a veritable mine of inform- 

« s.'T.'irrrottf rrc?T¥r^ 

Treasure Trove coins that an increasing measure ot tuc 

in this field is being gradually transferred, As many as -7 


vn. Arch,«olooy IK Indiak States. 

With the o^anizfttion of the archseology in British India 
on a strong footing it was but natural that the principd Indian 
States should also devote attention to this su'jject, ^rticularly 
as much of India’s precious beriUge is included within the domains 
of Indian Rulers. Several Indian States have now i^ehsological 
Departments of their own. and the work done m the States of 
Hyderabad. Mysore and Gwalior is as comprehensive as anjavhere 
in British India as will be seen from the summaries given below. 
Besides this the Sutes of Baroda and Jaipur have recently opened 
Archieological Departments of their own and been fortunate enough 
in securing the services of eiperienced archeologists from British 
India. This has already resulted in an appreciable advance and 
valuable discoveries have been made at Bairat in Jaipur and at 
several places in Baroda State. Travancore and Cochin, Mayur- 
bhanj and Jodhpur have their own archeological services which 
have done a considerable amount of work. It is regretted that 
in the important State of Kashmir, which is one of the biggest 
and archsBologically most important States the excellent work 
done in the first fifteen years of the period under review which 
includes the important iscoveries at Avantipur and Hushkur 
should have been discontinued . 

H 3 /(fer<i 6 ad. — In the premier State of Hyderabad, the enlight- 
ened Government of His Exalted Highness the Nizam founded the 
Arcbseological Department in 1914, and ever since its establishment 
it has been its aim to preserve the monumental antiquities of the 
State on the one hand and to explore and excavate historic as well 
aa pre-historic sites on the other band. Pari pa^sM with these objects 
the Department has also tried to collect and systematically arrange 
and exhibit in the Hyderabad Museum *tbe movable antiquities, 
such as sculptures, inscriptions, manuscripts, paintings, coins, arms, 
fabrics, ceramics, metal work and wood and ivory carvings. 
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The problems which faced the Department in the early years 
of its existence were by no means easy of 
^fa^nta^rUcoes* solution. The very first problem was the 
^ preservation of the world*famous frescoes of 

Ajanta which were in an advanced stage of decay. The clay plaster 
{rinzaffo) on which the colours were originally laid, had become 
loose by climatic effects, as well as by the development of pests 
therein, and was gradually falling off from the rock surface ; the 
colours had been dimmed by dirt and . smoke, that had settled 
on the paintings through the neglect of centuries ; lastly, the frescoes 
were further darkened by the varnish which some injudicious 
artists in comparatively recent times bad applied to the paintings 
in order to brighten their details, without first taking the trouble 
of cleaning the painted surface. In order to solve these problems 
in a successful manner, the Department consulted experts all over 
the world and ultimately with the help of the late Lord Curzon 
and Sir Rennel Bodd, the British Ambassador at Rome, secured 
the services of two Italian restaurateurs to treat the frescoes in a 
scientific manner. The Italian experts worked at Ajant* for two 
seasons, (1920-21 and 1921-22) and their efforts in conserving 
the frescoes proved eminently successful, so much so that paintings 
which before conservation were apt to turn into dust at the gentlest 
touch are now as hard as stone and it is hoped will last for centuries 
to come. It may not be out of place to refer here to the methods 
and the chemicals used by the experts in conserving the frescoes. 
In cases where the cavity between the painted layer and the 
rock bed was not large, casein mixed with a little white araeiuo 
has been injected in order to stop the growth of insect ^sts. 
Where however the cavitv was large enough to admit of the in- 
sertion of thicker material Plaster of Paris has been used, ^fore 
starting their fixing operations, the experts first strengthened the 
painted surface with shellac diluted in alcohol and put on bandages 
of cloth with a view to avoid the danger of the pamtmgs crumbh 
ine or peeling off from the rock-wall in the process of in)ecting the 
casein or Plaster of Paris. After strengthening the pain Ud surface, 
the rock-wall was thoroughly cleaned with an air pump, in order 
to ensure the complete removal of destructive elements from the 
rinzaffo and the rock-bed, as also to secure a ^tter adhesive eftect 
for the substances which were su^quently mjmed. 

In treating the decayed edges of the frescoes experts 

have inserted rfuod the edges a neat fillet of Sg 

with Portland cement and powdered rock. 
in whi^ the above materials were mixed are as foUo^ 
of Paris 10 to 15% : Portland cement 40% : 

For the removal of the varnish 

u«cd alcohol but to counteract the in)unoua effects of this 

a wash of s%t of turpentine was applied^ a fi^-^ive 

after the varnish bad been taken off. Ammonia was found most 
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useful for removing the dust and smoke, but to remove the wtute 

patches which sphered on the painted ‘"r r’^neh 

Lnmonia. the exerts have applied a very light coat of Trcncli 

^°'**A^rt^from the preservation and cleaning of tlie frcHCoea 

^ a vast programme of conservation lias been 

Conservation of carried out to stop the further clelcrioration 
monuments rook-hewn shrines of Ajanta. Ellora, 

Aurangabad. Pitalkhora. Ghatotkach. Dharashva and Bhokardan, 
the last-mentioned place being a recent discovery of the pepartmont. 
The shrine here belongs to the Brahman ical faith, having boon 
built in the 8th century according to an inscription carved on 
a nUlar In the process of cleaning and examination new cham^rs 
and floors have been found a^t Ajanta and Ellora and a new hall 
at Ghatotkach. In preserving these monuments, the Department 
has availed itself of the most up to date methods, materials such as 
cement and steel largely taking the place of lime and stone, which 
were previously used. The result has been eminently successtui, 
both from the technical and artistic points of view. For instance, 
to save the rock. porch of the great monolithic temple of Koilnsa 
at Ellora by masonry props and buttresses would have been 
not only a difficult Usk, but the result would have been very 
unhappy, marring the beauty of the monument. By a judicious 
use of ferro -concrete, however, the frame set up by the Department 
for the support of the disintegrated masses of rock is so concealed 
from the eye, and even in places where it is visible so matches the 
colour of the weathered rook, that the visitor notices no incongruous 
feature in the general appearance of the monument . 

The number of Brahman ica I shrines conserved by the Depart- 
ment since its establishment is very large, the roost notable among 
them being the temples at Anwa (Aurangabad District], Dichpalli 
(Nizamabad District), Hanamkonda, Bamappa and Ghana pur 
(Warangal District), Pillalnii^ and Pangal (Nalgonda District) 
and Ittagi and Alampur (Raichur District). Ail these monuments 
have been made structurally sound ; their interiors have been 
thoroughly cleaned and tidied up, and such of them as had no 
enclosure walls have been provided with this external protection 
against intruders. The architecture of these monuments has 
also been carefully studied and described either in the Annual 
Rtport$ of the Department or in a series of separate monographs 
which has been instituted. 

The Moslem monuments of the Dominions have received an 
equal amount of attention regarding their preservation and study. 
Several of these rank high among the Moslem monuments of India, 
for instance, the great mosque of Gulbai^ and the Bahmani 
mosque of Bidar — the architecture of both being characterised 
by a beauty of line in the arrat^ment of component parts, which 
ate, however, of the simplest design. Among other edifices of the 
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Muhammadan faith, mention should be made of the Madrasah of 
Mahmud Gawan of Bidar and the Badshahi Ashur Khana of 
Hyderabad. These two buildings were apparently designed by 
Persian architects, for the Madrasah of Bidar has a strong resem- 
blance to the Madrasah of Isfahan while the tile work on the walls 
of the Badshahi Ashur Khana is copied either from the Shiite 
shrine of Meshliad or from the buildings dedicated to the same 
faith in Iraq. The exquisite tile work of the latter monument 
has been thoroughly preserved and its roof has been re- constructed 
for the timber of the original structure had completely decayed. 
At the Madrasah Mahmud Gawan, extensive measures have been 
carried out to repair the building in such a manner as to restore it 
to some semblance of its pristine beauty. Other Moslem monuments 
which have been tended with care are the Bahmani tombs of Gul* 
barga and Bidar, the Barjdi mausolea at the latter place, the Adil 
Shahi tombs at Gogi in the Gulbarga District and the Qutb Shahi 
tombs at Golcanda. In repairing these monuments the Department 
has not only made them structurally sound, but has improved 
their surroundings by laying out courts and removing all modem 


e xoresoences . 

Since its inauguration the Department has also discovered 
a very large number of inscriptions— three 
iDscriptions of which being the Asokan edicts are in Br&hml 

and the rest in Sanskrit, Canareee, Telugu and Martthi. These 
records have been carefully edited and published in the ser^ 
of Memoirs of the Department. Of these Memoirs, 12 have already 
appeared and the thirteenth dealing with the Telugu inscriptions 
of the Dominions in txiemo is now in the press. 

The claims of existing monuments being so pressmg, it was 
not possible for the Hyderabad Arch«ological 
Exploration of Department to devote regular attention to 

the exploration of sites during the first two 
decades of its existence, although a number of sites of the early 
stone age and iron age were discovered, tombs and echs 
were systematically opened up and a large amount of pottery 
with incised markings was unearthed. Recently a ^ Maeto. 

the provenance of the A«oka rock edict, was excavated and he 
find of pottery and beads assocmted with a 
ffives thehope that the Deccan plateau will also yield as valuable 
material for^e reconstruction of India’s hoary past as the valley 

^Vp— e policy of proriding for the —ation 

^ of knowledge, side by side with scientmc 

Hyderabad research. His Exalted Highness the Kizam s 

Museum Government, established a Museum in 

r cZrr.il' K 

onrof tile latest additions to India’s Museums, some of its sections 
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compare favourably with those of more senior and long-established 
institutions in this country. 

Jfi/wre.— The formation of a regular Archeological pepartment 
in Mysore dates back to 1890 when Mr. B. L. Rice giiuled its work 
down to 1906. and carried out an enormous programme of w ork 
which earned for the department considerable fame, ihc most 
important task conducted by this scholar was cpigrnpliioal 
surrey of the State, in course of which nearly 10,000 inscrii.tions 
were published in the twelve rolumcs of the Epigraphta CarnaUca. 
Among his discoveries are included many famous inscriptions like 
the Siddapur rock inscription of A^ka. The net renults of liis 
labours is collected together in a small volume knowi M>'soro 
and Coorg from the inscriptions The result of bis studies in tlie 
field of arcluBology and Numismatics was published in the jMysorc 

Gazetteer. , , , nt 

Mr. Rice was assisted in his epigf a pineal work by Mr. K. 

Narasimhaebar, who succeeded him us tlie 
Epigraphical Arcbttological Department in the 

year 1906. During the sixteen years of bis 
tenure Mr. Narasimhachar was able to collect about 5,000 Inscrip- 
tions more and to publish a revised and enlarged edition of the 
Inscriptions of Sravana Bcigola. A few of the more important 
of his discoveries have been published in the Annual Reports 
of the Mysore Arcbseological Department. But the greaUT part 
of the inscriptions collected by him was left in various stages of 
preparation for being published in a series of supplementary volumes 
to the Bpigraphia Carnatica . Among his m ost i m porta nt d i s cove rics 
may bo mentioned the Kudlur grant of M&rasimha, the Alanne 
plates of the Gaoga king Rijamalla I, the Qummareddipura 
plates of Durvinita, the stone inscriptions of Sivam&ra and 
KItim&rga at Talkad, the Nandi plates of the Ganga king M&dhnva 
I and of the K&shtrakuta king Govinda III and the Bcndigauahalli 
plates of the Gafiga king Vijaya-Ktishpavarman. 

Mr. Narasimhaebar's reports also contain brief notices of the 
various architectural monuments inspected by 
him as also of the coins and manuscripts which 
be studied. He published three short mono- 
graphs on the Hoysala temples of Somanatbapur, 
Belur and D^dagaddavalb. Perhaps the 
greatest service be rendered to the scholarly world was in the 
field of Kannada. He not only brought out an authoritative 
edition of the famous old Kannada grammar, the Sabdanu^gsana, 
but produced and published a highly authoritative history of 
Kannada literature based on the study of thousands of manuscripts. 

Dr. Shama Sastry who succored bir. Narasimhachar as 
Director of Archieology not only commenced to publish the 
epigraphical finds of each year in the Annual Reports but also 
continued to publish notes on the literary works and the 


Study of moDU* 
meats, maaus* 
cripts, coine and 
inscriptions 
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architectural monuments studied by him and his assistants. 
Among the several records discovered and edited by him may 
be mentioned the Gaddemane inscription of Sil&ditya, the 
Chukuttur grant of Simhavarma, Kod an je varum grant of 
Avinita, the Hebbata grant of Vishnu varmS and the Kovalevettu 
plates of Sripurusba. 

The Ancient Monuments Preservation Regulation was passed 
by the Government of Mysore and after a few years of experiment 
the duty of conducting periodical inspections of the monuments, 
etc., was transferred to the office of the Consulting Architect to 
the Government of Mysore. The chief conservation work done 
during his regime was the renovation of the famous temple of 
Keiava at Somanathapur. 

In 1928-29 Dr. Shama Sastry was succeeded by Dr. M. H. 
Krishna, who after his return from special training at the University 
of London was made the head of the Arch®ological Department in 
addition to his own duties as a professor of History in the University 
of Mysore. Dr. Krishna commenced to issue a new series of the 
Annual Reports of the Department. Over a thousand inscriptions 
have been copied since 1929. The inscriptions collected every 
year have been published in these reports with translations for 
most of them and detailed notes on the more important. Among 
the chief discoveries made by him the following may m 
mentioned : — Chandra va Hi inscription of Mayurafiarman ; the 
Pandurangapalli plates of Avidheya Rfishtrakuta ; the Keregalur 
and other copper plates of the Gangas ; De vara ha Hi stone inscnption 
giving the genealogy of the Gangas ; Koramanga grant of the 
Kadumba king Ravivarmft ; Palmidi stone mscnption ot the 
Kadamba king Mrigete, which is the earliest known inscription 

The first part of the Index to the Epigraphia 
been published as also an index to the Annual Reports from 1 Wh 
to 1922. The inscriptions collected by Mr. R- NarMimhach^ 
which number nearly 5.000, are being prepared for publication m 
the »Supplementary Volumes to the Epigraphia Carnatic. 

A collection of about 6,000 coins belonging to the Government 
of Mysore has been studied in detail and a caUlogue 
The main results of this numismatic study have been pubUsheO 

in the Annual Reports of the Archftolo^cal Department. 

At the suggestion of Sir John Marshall the 

the ancient site of ChandravaUi was taken 
Excavations at „„ 1929 and conducted for three very sh^ 

ChandravaUi. seasons More than 5,000 objects were recovers 

*"• and catalogued. But owing to financial 

difficulties the work was stopped. A mono^aph 
tion thus far conducted is in the cou«e of 

excavations have also been conducted m Brahmapn. The ^ 
close to the Rock Edict of ASoka have revealed the existence 
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detailed survey of the ancient momiments of the State was boKun 
in 1929 and a,\rge work on tlic monuments of .Mysore lias l>i-on 
prepared with numerous drawings and photographie illustniticms- 
^ ^lie conservation of a large number of ancient moimmcnis 

was taken up, special attention being devoted 
Conservation of ^ ^he mat monuments of Halebid and liclur, 
and Utter have been scientifically renovated, 

more than Rs.50>000 being already spent for tlie 


Halebid 
Belur 


purp^. archaeological museum has been started at Mysore nnd 

it is proposed to expand it into a representative 
Museum museum of antiquity and fine arts in the near 


future. 

Ou'alior -The territories of the Gwalior State have a fair xharc 
in the wealth of ancient raonuments covering a period exceeding 
two thousand years. Under the inspiration of Sir John Marshall, 
the then Director General of Archeology in India. His Highness the 
late Maharaja Sir Madhav Rao Scindia of Gwalior instituted, in 
October 1913, an Archeological Department to explore and preserve 
the precious relics of the ancient art and culture in his State. Mr, 
M. B. Garde who has bad the privilege of completing his training in 
Archaeology under Sir John Marshall was entrusted with the work of 
organizing the new Department and be has been in charge of the 
Department ever since. It will be seen that the work, accomplished 
by the Department during the last 24 years of its existence as 
aummsrited below, constitutes a model for other Indian States. 

Duxing the first few years from its inception, the Department 
was engaged in exploring and cataloguing the Arch»ologicnl 
monuments in the State, which include a large number of ancient 
sites, buildings, scxilptures and inscriptions previously unknown 
and new light was thrown on many an im^rfectly known 
monument. Among the important ancient sites identified in the 
course of the exploration are Padm&vati, Tumbavana and 


Devagiri. 

Padm&vatl, one of the capitals of the NSga kings who flourished 
- . - - in the 3rd century A.D., is vividly described 

by Bbavabbuti in his famous play the SfaJatU 
Madkava^ the scene of which is laid in the city. The place also 
appears to have possessed a University which attracted students 
from far off lands. Coins, brick foundations and other relica 
referable to the early centuries of the Christian era have been 
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Tumbavana 


Buddhist 

monuments 


traced here. PadmSvati was variously identified by scholars. 
A close observation of the surface indications of the village Pawaya 
situated on the confluence of the rivers Sindh and Parvati, about 
45 miles to the North of Gwalior, and its geographical environments 
led to its identification beyond doubt as the site of the ancient 
city of Padmavat!, and trial excavations carried out later on 
corroborated the conclusion. 

Tumbavana is mentioned in the Buddhist Literature as a stage 
on the old road from SrfivastI to Pratishthana 
and is also referred to in some of the votive 
inscriptions on the railing of the great Stupa at S&nchl. A Gupta 
inscription mentioning the ancient name of the place, and a number 
of sculptures and other relics of the Gupta and medieval periods 
found at Tumain, a village in the Esagarh District, made it possible 
to establish its identity with Tumbavana. 

Coming to discoveries of monumental antiquities, remains 
of Buddhist Stupas were discovered at Bigan 
and Gy ara spur [circa 6th century A.D.) in 
the Bhilsa District and a rock- cut Buddhist 
vihdra consisting of a series of cells excavated in the crescent 
shaped face of a hill was discovered at Khejria Bhop in the Mandasor 
District. 

Numerous Hindu monuments including temples, and matnae 
or monasteries, the latter a very rare feature, 
Hindu, have been brought to light within the Gwalior 

State. These iacl ude two shrines at Makhangan j 
(Cth century A.D.), two Siva temples at Mahua 
(7th century A,D.), the temples at Surwaya, Padhavli, Terahi, 
Kadwaha, Jamli and Khor (lOth-llth centuries A.D.), the brick 
temple at Kherhat (lOth century A.D.), the Tpraija gateways at 
Terahi and Tumain (10th century A.D.), two-storeyed Saiva 
monasteries [mafhas) of the 9th-10th centuries— rare specimens 
of plain but massive stone architecture— at Surwaya, Terahi, 
Kadwaha and Kundalpur. Jaina temples of the mediaval pen^ 
ranging in date from the 9th to the 15tb centuries were brought to 
light at Padhavli. Suhania. Barai, Panihar, Narwar, Sesai Bhimpur, 
Indor, Golakot, Pacharai. Rakhetra, Bithla, Thoban, Tumain, 
Gandhaval and Nimthur. Among the discoveries of notable 
Muhammadan monuments mention may be “f ^ Ko 'lak 
Malml (a four-storeyed palace in the Mandu style) ^.t Fatohabad 
near Chanderi, a Mughal mosque and a mansion at Udaypur, 

and a fine mosque at Bhonrasa. ,• * j thp 

An interesting class of monuments that were listed are tire 
inscribed sad stones and memonal piUars 
Memorial stones commemorating the self-immolation of wdo^rs 
and pillars death of warriors who lost their lives 

on battle-fields. The oldest of these memorial pillars 

A.D.) was found at Hasalpur. Another interesting memorial pillar 


and Mubamma* 
dan monuments 
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nf the 7th century at Terahi commemorates a u’arrior killed 

Epigraphlcal and Prabhakara (M.E. 524), the T.iman. rtone 
and numUmatic inscription of Kvm&ragopta ami Glifttotkacha- 

aapta (G.E. 116). the Bagh copper plate grant of 
Maharaja Subandhu of MahUhmatl (6fh century A.D.), Tcn.hi 
memorial piUar inscription referred to above, the Mahua Mahhdeva 
temple inscription of Vatsaraja (circa 7tl> century A.D.), ^ 
pur and Maser fragmentary inscnptions (cxrca 10th century A.DO, 
the latter half of the Udaypur PraSasti, the Amer '"’‘"‘P* ^ 

Param&ra Naravarman (V.S. 1151), Jeeran macnptmns of Guh.las 
and Chahamanas (11th century A.D.). the atone inscriptions of 
Kachhapaghatas at Tilori and Naresar (llth-12th centuries A.D.), 
the Kuretha copper pUte inscriptions of the ^aUliaras, the ^handen 
atone inscription of the Pratiharas (13th century A.D.). the 
numerous stone records of the Jajapellas (Ynjeapaina) of 
(13th century A.D.) found at various places in the neighbourhood of 
Narwar. the memorial pillar inscriptions at Bangala whicli record a 
fierce battle fought between Gopiladeva, a Jajapclla kmgofNunvur 
(Nalapura) awd Vlravarraiuadeva, a Chanclclla king of Bundclklmnd 
(Jejftbhukti) in V.S. 1338. and numerous other records of lesser 

importance. ^ . 

To the above may be added numerous Hindi and Persian 
inscriptions of the Muhammadan period referring to tho early 
Sultans of Delhi, the Sultans of Mtlwa. and the Mughal Emperors 

of Delhi. V i 2 > I 

Among the notable discoveries and acquisitions in the ncla 

of numismatics mention may be made of interesting punch-marked 
coins and Kirebftpai^as excavated at Besnagar, Nl^a coins from 
Pawaya and two other places which include the issue of hitherto 
unknown kings, e.g., Viisha N&ga, Pum Naga, and Bhava Naga. 

Trial excavations were carried out by the Department at 
Besnagar (ancient Vidiia). Ddaygiri, Mandasor 
Excavations (Badapura), Pawaya (Padm&vatl) and Gyaras- 
pur. No large buildings worth conservation were unearthed 
but selected small antiquities such as terra-cotta figures, pottery, 
inscribed seals, iron implements, beads and punch « marked coins 
recovered from the excavations have been exhibited in the 
Archsologioal Museum at Gwalior. 

When the listing of monuments had been wclJ*nigh completed, 
the next stage in the work of the Department 
was reached when the scheme of conserving 
the more important of the explored monuments was sanctioned 
in the year 1920, the budget grant of the Department was revised 
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and the staff strengthened to meet the new responsibilities. The 
conservation work was commenced in right earnest in the year 
1920-21 and during the last 15 years the following important 
monuments were conserved : — * 

The temples at Suhania and Padhavli» the Gujari Mahal 
Palace at Gwalior, the tomb of Muhammad Ghaus, the tomb of 
Tansen (the Orpheus of India), the temples and monastery at 
Surwaya, the monastery at Ronod, some palaces and mosques 
on the fort of Narwar, Kosbak Mahal at Fatehabad near Chanderi, 
the rock-cut gateway, the Jama Masjid, and the tombs Bada 
Madarsa and Siiahajadika Rosa at Chanderi, the Gadarmal temple, 
the Solah Khambhi hall, the Dasavatara, the Satmadhi shrines 
and the Jaina temple at Badoh, the great Udayesvar temple at 
Udaypur, the Heliodoros pillar at Besnagar, the rock- cut eaves 
at IJdaygiri, the Bija mandal mosque at Bhllsa, the astronomical 
observatory at Ujjain, the Ya^odharman pillars at Sondni near 
Mandasor.'and the temples at Gyaraspur, Khor and Kherhat. 

The Buddhist cavea at Bagh, well known for their wall paintings 
rivalling those at Ajanta, had fallen into a sad state of decay. 
Many of the caves in this group have hopelessly collapsed. Four 
of these which were capable of being reclaimed were freed from 
the enormous mass of their own debris with which they had been 
choked. New masonry pillars were constructed in place of old 
decayed columns to support the over-hanging portions of the 
ceilings. Wooden shutters were provided to protect the surviving 
fragments of the wall paintings which were fast fading away, 
being exposed to weather and rain. The paintings ha,ve also 
been faithfully copied to full scale both in colour and outline, and 
the copies exhibited at the Archeological Museum at Gwalior. 
Last year the representatives of the Harvard University and the 
Fogg Art Museum (U.S.A.) copied the paintings with the mecham- 
cal process of photography and it is proposed to publish the copies 

in a book form. , . j- n 

All monuments conserved are inspected periodically ana 
maintained in good order. Caretakers and guides are kept at 
Important centres of monuments. Approach roads have been 
constructed and rest houses built where necessary for the con- 

venience of visitors to monuments. , tv 

The Archttological Museum maintained by the 

has established its reputation as one of the weu 
Museum ^ Museums of its kind in India. The Museum 

is located in the Gwalior Fort, the collections being in the 

Gujari Mahal, itself an archaological monument of the 15th centm^ 
It was opened in 1922 and consists of “ 'ZcMoJ; 

MirroundU by numerous small rooms, m 22 of which 
are accommodated. These rooms are open 

in the case of rooms Nos. 3 and 13 which contam pictures and small 
antiquities, and ha^-e been fitted with doors. 
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The collections comprise excavated pottcp', terra-cottus. 
beads relic caskets and iron implements, coins, inscriptions, 
^pfta’h of pillars, images, railings and architectural 

principal gods and goddesses of the Hindu Pantheon. .Some of 
he sculXiU are beautiful works of plastic art and a few are 
such as^ave not been found anywhere else, e.g., the stone palm 
capitals. Reproductions of nine of the Bi^h 

room and another room contains a number of paintings ot the 
Mughal and Rajput schools and large photographs of important 

archeological monuments in the State. . . , .1 

Hand in hand with the foregoing activities, it was also thought 
desirable to educate the public to appreciate 
Popularizing respect the wonderful relics of ancient 

arcbaolofty architecture of their country and to 

make monuments better known and attractive to the travelling 
oublic To meet this manifold object the following measures 
have been devised and are being gradually put into practice as 
the necessary funds and opportunities become available : 

(1) Descriptive Notice Boards are put up near every important 

conserved monument. 

(2) Stone boards arc put up at Kailway Stations and on 

motor roads, calling the attention of travellers to important 
arcbseological monuments in the neighbourhood. , , . j 

(3) Views of interesting archeological monuments are exlubited 
in Railway carriages, at Railway Stations, at Hotels and at 
Travellers' Bungalows. 

(4) Descriptive notes on monuments and places ot arch«o- 
logical interest in the State are contributed for incorporation 
into well ‘known Travellers’ Handbooks and in Railway publications. 

(6) Illustrated articles on monuments are contributed to 
Journals. 

(6) The Department holds periodical ‘ At Home * parties gener- 
ally in the premises of the Museum , when guests are shown round and 
entertained to a magic lantern show and lecture, thereby bringing 
them into touch with the activities of the Department. 

(7) Lantern lectures are delivered at other suitable gatherings 
at headquarters and in the districts. 

(8) Annual Reports of the Department, illustrated Guide 
Books, Albums, pamphlets and picture post cards are published 
and sold at nominal prices. 

The following publications have been brought out so far : 

Publications AichsBology in Gwalior ; (2) The Bagh Caves ; 

PubllcaUons GwaUor Fort Album ; (4) An illus- 

trated Guide to the Archsological Museum at Gwalior; (5) A 
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Guide to Chanderi ; (6) Sightseeing at Gwalior ; (7) A Hand-Book 
of Gwalior ; (8) Surwaya Album ; and (9) Directory of Forts, Part I. 
Of these the monograph on the Bagh Caves is the most impor- 
tant. It contains coloured reproductions of some of the waU 
paintings on the caves and is a joint publication of the Gwalior 
« Archaeological Department and the India Society, London. 


VIII. Public AT iOKS . 


The publications of the Arcbseologieal Department consist 
of a number of serial publications besides 
<x^^8sional mono^aphs, guides, hand-books and 
Imperia] Series catalogues of ancient monuments and museums. 

The most important publication which contains 
a complete record of all the activities of the Department is the 
Annual Beport. At first this consisted of two parts, Part I being 
devoted to routine work and administration and Part II containing 
special articles, which was more important and bulkier than the 
other part. This arrangement continued until the year 1915-16 
when f^art II was abolished. Thereafter the material comprised 
in Part II of the report was transferred to the series of Memoirs 
of which 52 have been published up to date. They cover a wide 
range of subjects connected with every branch of ancient history 
and arch«ology. Part I of the report was abolished from 1G20-21 
and was replaced in the next year by a single volume of the Annual 
Beport containing a full account of the work under conservation, 
excavation, epigraphy, museums and other branches of the survey. 
The present j’ear has seen two Annual Reports, one covering the 
activities of 4 years ending 1934 and the other of the year 1034-35. 
The third series is known as the New Imperial Series in which 
monographs of great length requiring specially exhaustive treatment 
and a large number of illustrative plates have been published. 

The remaining four serial publications are concerned with 
the epjgraphical branch. The most important 
Epigraphlcal epigraphical journal, Epigraphia Indictty is 
issued every quarter and exhaustively deals 
with inscriptions on stone, copper, etc., which have mainly helped 
scholars to build up the frame-work of Indian History of the pre- 
Jluhammadan period. Indo-Wuslim inscriptions are dealt jnth 
in the Epigraphia Indo-MosUmica, a biennial ^nodical, which has 
thrown important light on Indo-Muslim History and culture. 
South Indian Epigraphy accounts for two of the reguUr pubii- 
cations, namely. Annual Report on South ineban Epigraphy 
and the South Indian Inscriptions (Text senes) in which the 

epigraphs are published in txUMO. , • t • i • 

A series of guides to important places of arch«dogi^l 

such as the Qutb, Delhi Fort, Agra Fort, 
FatehpuT-Sikri, Sarnath, Elephanta, NalandS, 


Guide Books 
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or w„icu »„ 

■“"BeS !’rp“lt...n. of lb. A,eh.ol«gi...l Doport„,e,,. 

ft large number of periodicals and jmirnals 
Non-depart- are published by private societies and iiidivi- 
mental publica- remarkable growth of studies in 

Indology during the last quarter of a century- 
thanks to the interest created by the establishment of a fl'"''; 
ancient history and culture in the Calcutta University in the first 
instance and then in Benares. Madras and other 
been responsible for the phenomenal development of periodical 
literature in archseology. both in EngLsh and in tlie vernaculars 
so that it is impossible for any single scholar to cope mth the v“st 
and growing materials. Mention must here be made of the excellent 
services rendered to the studenU of archeology by the Kern Insti- 
tute at Leyden under the direction of Professor J. Ph. Vogel, who 
has been instrumental in bringing out an exhaustive Annual 
Bibliography of Indian Archeology during the last ten years. 


IX. BxSUOORAPtfT. 


Acharr*. P. K.^DicTiowory o/ Hindu Anhiiteturtr Oxford. 

Allan. J.^Calaiogue of fht C^n4 of ancUnt India. London » 1935. , 

Allan. J. Caial^ue of tho Coin$ of Oxtpia DytuuM and of Sa^anka, King 

0 / Cauda. London, IdU. , . «• 

Androwa. ¥, n.—Descripiiot Catalogue of Antiquitye fee^'ered Sir 
Stein during hU exploratione (now exhibited the Central ^oicn 
oiWrtaoJtfuoeum, New OeMi), 1935. 

Annual Bibliography of Indian Arehmoiogy, Kern IneixiuU, Leiden 

onward*). _ • » j. , 

Annuai Reports on South Indian Epigraphy (Arch«ologica) Sim*oy of India), 
191^1934. 

Archeological Survey of India — 

AnnuoZ Reports (1912--35), 


Aurel 

Anti* 

(1939 


Archttolo^cal Survey of Baroda — 

Annual Report, Baroda, 1939. 

Arobcologieal Departnioot of Qwalior-** 

Annual Reports (1913 onwards). 

AUmms ^urwaya Album. The Gwalior Fort Album. 

Qxiides .‘^To Chanderi ; to tha Archeological Muaeum at Gwalior. 1998 \ 
a handbook of Gwalior. 1936: Arehsology in Gwalior. 1934. 

The Bagh Caots (publiabed jointly with the India Society. London, 1927). 

Areheologicat Department of Hyderabad — 

Annual Reports (1914-94). 

Areh^logieal ^mea {Memoirs), N 08 . 1^12 (1914 onwards). 

Guidss to Oolconda Fort and Tomba, to Ajanta Frescoes, and to EUora 
Cnvo Temples. 

Axclueologioal Department of Jaipur Stato— 

ArchcBologieal Remains and Exeaoalions at Bairot, 1 937. 
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Archsotogical Sun*ey of Kasbrnir — 

Annual Eep^rU (1912-21). 

Archeological Department of Mysoco — 

Annual lleport$, OldStnt*^ 1912-28. 

Do. New Series, 1929-35. 

Archas^logieal ^eriee — Memoirs ( 1912 onwarde). 

Bachhofar. L.— Ituiian Sculpture, Vols- I-II» Paris, 1929. 

Bhattacharya, B. — Elements of Buddhist Iconography, Oxford. 

Bhattaaali, N. K.^Coins and Chronology of the Early Independent SuUans 

Bhat4^^1^N. K.— Iconography of the BrahmonUal and Buddhist sculptures in 
the Dacca Museum, Dacca, 1929. 

Brown, J.C. — ^The Coins of Ijidia. London, 1922. 

Bulletins of the Madras Oovemment Mxtseum, Madras (1929 onwards). 
Codrmgton, K. da B.— Ancient India, London, 192$. ^ ^ 

Coomaraawamy, A. K.— of Indian and Indonesian Art, London, i9»7. 
Durga Prasad.— Silver Punch-marked coins of Ancient India (/tfumiamoltfl 
Supplement of A.S,B., No. XLV-^17). 

Epigraphia Binnaniea. Rangoon, Vols. I-IV. 

£p*yrapAto Carnntica, Mysore, Vols. I-XII. v^vtt 

^piyropAin Indiea (Archeological Survey of India), VoU. jU-X^. 
Epigraphia Indo McsUmica (Archeological Survey of India), . 

Foote, R. B.— TAe fooU CdUction of Indian Prehislone and Protohu0ne 
Antiquities. Madras. 2 vob., 1914. 

Foucher, A.— Beginnings of Buddhist Art, Parrt, 1917. , a® 

Foucher, A.— X.’Art Oreco-Bouddhupu du Oandhara, 2 voU., Pans, 1995-22. 
Ganeolv. B. C.— SouM Indian Bronzes, CalcutU, 1915, 

Oopuiath Rao, T. A.^EUments of Hindu Iconography, Four parts, Madras, 

Gro^t.R“— /ndVo, The CivahotioncJ Iht Eaet Seriee.Vol U. LondoD. 1932. 
Herringhara, Lady.— A;anW (/ndw Soej.ly., London), 

Hodivala, S. U.—HUlorieal Studies in Mwjhal NumumatM. ****•,.,„__ 
Hultrsch, E.— of A4oba {Corpue Irucnptionun Indxcorum. 

Vol. I), Oxford, 1926. .... - j r 

Hunter, G. R.— TAs Bcnpf of Harappa 

Husain, M. A.— An HistoHcal Guide to the Agra Fort, Delhi, 1937. 

S New sini-lndia Beciery. London (1927 onwards). 

Indian Culture, Calcutta <1^34 onwar^). 
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I. Introduction. 

The past twenty-five years in Indian Anthropology, marked 
the end of a period, which occupied itself with a preliminary survey 
of the tribes and castes of India, — and the beginnings of the 
inauguration of more inUnsive studies of special groups of races in 
selected areas. In a wider sense, of course, the first traces of such 
studies go back to the time of the Dharma&ulras when the ancient 
Brahminic law-givers in their efforts to regulate and regularise 
social conduct, attempted to associate different cultural elements 
with different peoples. Modem research in Anthropology, however, 
dates from the foundation of the Asiatic (now Royal) Society ol 
Bengal by Sir William Jones in the latter part of the eighteenth 
century. The importance of collecting data on the habits and 
customs of the people was early realised by the members of the 
Society, and to this we owe the publication of many interesting 
papers, the most outstanding of which were those by Dalton, who 
published his researches in a collective form in 1871, under the title 
of The Descriptive Ethnology of Bengal. The fiist nucleus of an 
Ethnographical Museum we also owe to the Asiatic Society, the 
objects of which were subsequently transferred to the ln<iian 
Museum and now form part of its collections. 

( 300 ) 
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The lead given by the Asiatic Society had its natural rcactioij 
in other parts of the country, as a result of which the Anthropological 
Society of Bombay, which celebrated its fiftieth 
year, was founded in 1386 under the presidency of E<lward 

'^^'^^^h^iecessity of obtaining reliable information on tli<' people 

of India in the interests of civil adnimistratioii 
Earlier Ethnolo- attention of tbo Government of the 

jjical Works useful work done by tlio Asiatic 

Society, and it began to encourage its officers to collect data on the 
social rites and customs of the people in the areas under their 
administratiou- The first Government officer to undertake this 
work was Ibbetson (afterwards Sir DeiiZil) who wrote an account ot 
the social and religious usages of the Punjab in the Census 
of 1881, and which was published as a separate volume in 1883 
under the title Punjab Ethnographi/. In 1891, Hisley (afterwards 
Sir Herbert), under the instnicUorw of Sir Rivers Thomson, then 
Lieutenant-Governor of Bengal, published his Tribes and Caster of 
Bengal in four volumes, which contained not only a mass of informa- 
tion on the social and religious institutions of the numerous com- 
munities living in Bengal, Bihar and Orissa, but also anthropometric 
data of the more important* groups. Rialey was followed by Crooke 
(afterwards Sir William), who published a similar work on tlic 
Tribte and C«f« of the United Provinces, then known as the 
North-Western Provinces and Oudh, in four volumes in 1890. Tlie 
fonnation of an Ethnographic Survey, covering the whole of India 
had, however, to wait a few years longer till Lord Cunon’s Vice- 
royalty, but in the meantime, Risley was made the Commissioner 
of the Census of India for 1901, and in the Ethnographic Api^ndlx 
(subsequently published under the title The People of India) he 
collected the general results of his investigations and elaborated 
his views on the origins of the Indian races and cultures. In 1905, 
Risley was appointed the Director of the newly formed Ethnographio 
Survey of India, and tbo various provincial governments under- 
took the task of publishing glossaries of tribes and castes Living 
within their Juris^ctions, on the lines indicated by Risley. The 
first of these was published by Edgar Thurston and T. Bangs chari 
on the Castes and Tribes of Southern India in seven volumes in 
1909. In the same year the late L. K. Anaothakrishna Iyer 
brought out the first volume of his Cochin Tribes and Castes 
under the auspices of the Government of Cochin. The first volume 
of H. A. Rose's account of the Tribes and Castes of the Punjab and 
the North-Western Frontier Provijices was published two years later. 
The completion ot these and other works of the series took several 
years more and fails within the period of our survey, but the con- 
ception, method and the general plan of the works, though supple- 
mented somewhat in the case of one or two, were on the lines in- 
dicated by Risley, and come logically within the first or preliminary 
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Later Develop- 
ments 


period of anthropological inTestigations in India which may accord- 
ingly be called the Risleyan Ptriod of Indian Anthropology. 

Since then the most important development in the growth of 
anthropological research in India was the starting 
of a modem laboratory in the Indian Museum 
by Dr. Nelson Annandale, Dr. Annandale, who 
took his doctorate degree in Anthropology from the University of 
Edinburgh > was a student of Sir William Turner, and led an anthro- 
pological and zoological expedition to Perak and the Siamese Malay 
States in 1901'1902» the results of which were published in coUabora* 
tion with H. C. Robinson in the well-known work entitled Fasciculi 
MalaytnM. Dr. Annandale started the first laboratory for 
Physical Anthropology and laid the foundations of modem research 
in that science in India — a subject in which he took unabated interest 
till his death in 1924. Similarly the creation of the department of 
Anthropology in the Calcutta University by Sir Ashutosh Mukherjee 
in 1920 gave for the first time official recognition to the importance 
of teaching and research in the subject by including it in the 
curricula of an Indian University. The promotion of anthropolo- 
gical research in India also received an impetus from the publication 
of ‘ Man in l^ndia * in 1921, by Rai Bahadur S. C. Roy of Ranchi. 
Finally as a step towards co-ordinating the activities of the diiferent 
centres of India, the Indian Anthropological Institute was founded 
in 1936 with Dr. J. H. Hutton as its first President. 

The author takes this opportunity to express bis thanks for the 
help given him in the preparation of this review by Dr. Eileen 
Macfarlane, Collaborator in Asiatic Research of the University of 
Michigan, U.S.A., (Budge Budge), Mr. J. P. Mills. I.C.S., (Shillong), 
Rai Bahadur S. C. Roy, (Ranchi), Messrs. S. S, Sarkar and H. K. 
Bose, (Calcutta). To Mr. K. P. Chattopadhaya, Head of the 
Department of Anthropology of the Calcutta University, he is 
specially indebted for a great part of the materials bearing on the 
subject of Social Anthropology. 


II. General Anthropology. 

The period following Bisley’a saw, as alre^y remarked, the 
betfinnings of more systematic research in Indian Anthropology, 
though the completion of the glossaries of tribes and castes begun 
under Risley’s directions atiU remained the mam occupation tor 
many years to come. The first of these works to fimshed wm 
L. K. Ananthakrishna Iyer's Cochtn 

volume of which was published in 1909. With the publication of 
the second volume in 1912, the late Dewan Bahadw completed his 
studies of the social and religious institutions of the peoP‘« 
Cochin— with the exception of the Syrian Chnsti^, on whom a 
senarate monograph was published m 1926. lyers 
undoubtedly a vfry^^seful supplement to Thurston and Bangachan s 
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treatise and contains a mass of interesting data on the people of 
Malabar, but taken as a whole it lacks the insight an.l thorougliness 

ofFawoett’searlierstudieslIOODontbesamopcople 

Thfl next work to appear was the Ethnographic Survey of 
Ra/Jji^fan edited by Bray (afterwards Sir Denys) in 1!)13, in two 
" s This waf based on the materiah coi ectod by 

Diwan Jamiat Rai during the Census of 1911, on the tribal, social 
and religious organiiations of the Balooch. Pathan 
and a detailed account of the customs and usages of the Hindus 
who have made BaLuchisUn their home for many generations and 
have been influenced by the local milieu. , » . 

The work, Tribu and C(uU^ of the 
R. V, Russell and Hiralal was published m 1910. The first 
volume is introductory and contains long dissertations on Uste 
and the various religious sects found m the Central Provinces. 
The remaining three volumes include, among othcr^ fairly ^haus- 
tive and well-informed accounts on the Gond. l^ond. Khana, 
Baiffa, Korku, Oraon, Savar and other aboriginal tribes. With the 
exception of Risley's Tribu and Caster of Be Russell and 
KiralaVs work is about the most reliable and authoritative ot the 

whole aeries. ^ , 

The other works of the series to be completed are 
(I) The Oheeary of the Tribee and CaeUs of the Punjab and N. W . 
FrorUUr Provinces by H. A. Rose, the final volume of which appeared 
in 1919. In reality, much of the previous writings of Ibbetaon 
(1983) and Maclagan (1892) have been incorporated in these volumes, 
but in the sections dealing with the Moslems, Bose has given valuable 
indications of the influence exerted by the local milieu on the 
customs and habits of the Moslem population of the Punjab. 

(Li) The Tribee and CasUe of Bombay by R- E. Enthoven was 
published in 1922, in three volumes. Besides the usual notes on 
the tribes and castes found in the Bombay Presidency, Enthoven 
collected a large amount of historical and quasl-historical informa- 
tion from diverse sources on the origin and migration of some of 
the more important groups, like the Konkonasths (Chitpavans) of 
Maharashtra, and the Nagar Brahmins of Oujrat, etc. 

(iii) The Mysore Tribes and Castes by H. V. Nanjunadayya 
and L. K. Anantbakrishna Iyer. The survey of the Mysore castes 
and tribes was undertaken by the late H. V. Nanjunadayya as early 
as 1903, and in the course of the next 17 years he published 
accounts of 34 castes and tribes and collected materials for 30 
more. After his death, Iyer was entrusted with the task of 
completing the work in 1924. On the basis of the published and 
unpublished accounts left by Nanjunadayya, and supplemented by 
fresh investigations on 28 new groups, Iyer published Vols. II— IV 
between 1928-31. The method and plan of Risley were in general 
followed, but in volume I. which came out a few months before 
his death in 1936, Iyer published two introductions by Dr. R. R. 
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Marebt of Oxford, and the late Professor Sylvan Levi of Paris, and 
two chapters on the Pacial History and Cultural Geography of 
Mysore by Prof. Prhr. von Eickstedt of Breslau, and Mr. J. Richards, 
LC.S. (retired), respectively. The chapter on Racial History is the 
English version of Eickstedt’a paper ‘ Die Rassengeschichte von 
India, etc/ published in 1933 (Zetis. Jlorph. ATUhr., 32). Iyer’s 
own contributions embrace such subjects as Caste, Marriage, 
Totemism, Magic, Dress, etc., which he discusses with special 
reference to the conditions prevailing in Mysore. 

These glossaries of tribes and castes were written with a great 
deal of care, and a large amount of money and labour were spent in 
collecting information on the caste and tribal groups of different 
parts of India, but as they .were prepared ‘ primarily as works of 
reference for the oflSeers of the Government who may desire to 
know something of the customs of the people among whom their 
work lies * (Tribes and Coaler of the Central Provinces of India, I, 
Preface) they were not specifically meant to serve the requirements 
of the anthropologists, though no doubt of some interest to them. 
As Crooke, the author of The Tribes and Castes of the Nortk^Weslem 
Provinces, and one of the earliest collaborators of Risley, remarked, 

' treatises on tribes and castes have been compiled in various 
provinces of India . . . under orders of the local governments, not 
so much in the interests of anthropological research, but as indis* 
ponsable aids to the work of civil administration, And the wants of 
the Magistrate and Collector and those of the anthropologist are 
very different ’. {Man in Iruiia, 1, p. 2, 1921.) 

The criticisms implied in the above remarks, however, are not 
applicable to the works produced under the auspices of the ^aain 
Government. Having under its jurisdiction a large number of 
tribal groups, the Government of Assam rightly felt that cJo» 
administration of primitive peoples must proceed pari passu with 
increasing knowledge of their customs and habits. As a result, 
several excellent monographs were published with the bnancisi 
support of the Government, on the Khasis, the Meithws, the Mikirt, 
the Garos, etc., by Col. Gordon, Col. Hodson, Sir Charles LyaB, 
Major Playfair and others— men who not only took part m the 
annexation and pacification of the Assam h^s, but who having 
spent many yeare among them had acquired an inornate ^ow- 
ledge of the habits and customs of the people. These 
therefore, though primarily designed for admi^tratom. have l»en 
of great value to students of primitive culture m pro^di^ 1 
and detaUed accounts of the social and rehgious institutions ot 

these comparatively unknown trites. , . 

In the monograph on the LMhei-Kuki Clans published in 19^. 

Col. J- Shakespe« discussed the ethnography of 

inrliidine laws customs, religion and the closely allied Kuki clans 

including the Thados of Cachar, and the Lakhers 

migrated from the Chin hills across the Burman borders. Ool. 
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Sbakespear’s treatment, as is to be expected from one wbo spent 
so many years among the LusheU from the time of the annexation 
of the Lushei hiUs, is accurate and reliable, though not exhaustive. 

With the appointment of Dr. J. H. Hatton to the Naga HiiU 
district in 1913, anthropological research in Assam received a new 
impetus. Sharing fully the views of Ilia predece.ssors aboiit tlie 
importance of Anthropology for administrative purposes, but bring* 
ing to hear at the same time the trained mind of an accomplished 
scholar, Dr, Hutton carried on his researches for many years among 
the Naga tribes, after first acquiring a knowledge of their languages. 
His two volumes published in 1921 on the Angayni and Se.ma 
reveal his intimate knowledge of tlie Naga life and habits and 
make them model works for accuracy and details of description. 

The tribes living in the unad ministered areas cast of the Naga 
Hills, and between the Assam frontiers and the Upper Chindwin 
district of Burma, were almost unknown, thougii their depredations 
were constant sources of trouble in the Britisli ruled territories, 
In order to survey this unvjsited area and collect materials about the 
habits and customs of the people living there, Hutton paid two 
visits in 1923 to the Konyak, Phom, Kongan and Sema villages in 
the un administered areas in company with J. P. Mills, Captain 
Shakespear and C. R. Pawsey. Accounts of these tours were 
imblished as Dwn'cs of two /ours in the unadmini$(ered area east 
of the Naga HxlU (Mem. As. Soc. Bengal, II, pp. 1-72, 1929). 

In connection with his work in the Naga Hills, Hutton was 
in close touch throughout with Prof. Henry Balfour of the Pitt 
Rivers Museum, Oxford, and the late Prof. R. B. Dixon, of Harvard, 
both of whom paid short visits to the Hilia and contributed materially 
in adding to our knowledge of the Naga tribes. In collaboration 
with the former he began a coUeetjon of the arts and crafts for the 
Pitts Rivers Museum, which was continued by bis colleague and 
friend Mr, J. P. Mills, also of the Indian Civil Service, till tbo 
collection at Oxford became almost without a rival as Illustrating 
every phase of life in a specified area. Hutton inspired Mills with 
his enthusiasm for anthropological research, and in 1922 the latter 
added the Lhoia Nagas to the series of monographs published 
by the Government of Assam. In the same series there was pub* 
lished in 1925, the Ao Nagas by Dr. W. 0. Smith of the American 
Baptist Missionary Society. As a broadminded clerg 3 nnaii and 
a trained sociologist. Smith noted the harmful effects produced on 
the Naga life by civilization, a subject which has since been more 
thoroughly investigated by Hutton and Mills. Smith's monograph 
on the Ao Nagas was immediately followed by another volume on 
the same tribe by J. P. Mills, in which he dealt exhaustively with the 
life and institutions of the tribe. A third volume on the Ao Nagas 
was published by Mr. 8. C. Majumdar, who spent some yem as a 
Medical Officer in the Naga Hills. In 1932, N. £. Parry published 
his detailed study of the Lakhers, briefiy described in Col. 
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Shakespear's earlier work. The last volume of the series to be 
published so far by the Government of Assam, is that on the Bengma 
Nagas by J. P. Mi1ia (1937). In this excellent work, Mills studied 
both the Eastern and Western sections of the tribe. The latter is 
however strongly influenced by the Christian Mission, but tbe former 
being long separated and cut off from communications from the 
parent stock by the Serna and Angami villages which lie between, 
still provides splendid opportunities for studying a tribe which 
retains much of the primitive institutions of the head*hunting Kagas. 
With the publication of this volume, the entire block of the Naga 
tribes living in contiguous territories has been covered with the 
exception of the Konyak Nagas, among whom Dr. Christoph von 
Purer* Haimendorf of the Vienna University has just spent a year 
making an intensive study of their institutions in close collaboration 
with J. P. Mills. A word is needed here on the debt which Science 
owes to the Government of Assam. It has consistently encouraged 
its officers to study Anthropology and has ungrudgingly borne the 
entire cost of publishing the volumes written by its officers. This 
has made it possible to investigate and record the customs of primi- 
tive tribes before deterioration has set in. A large group of tribes 
has thus been covered by monographs, and materials invaluable for 
comparative study assembled, to the lasting gratitude of students of 
primitive culture. 

There are a few other works which were published on Assam 
tribes, but not under the auspices of tbe Government. Chief among 
these are : — 

(i) The Abors and Oolongs (Mem. A$. Soc. Bengal, 5, pp. 1-113. 
1915), Part I by G. D. S. Dunbar, Part II by J. Coggin Bfoto 
and S. W. Kemp, and Part III by G. D. S. Dunbar (1917). This 
memoir was based on the materials collected by Dunbar * 
years’ stay in this region, on tbe customs and religious rites ^the 
Upper Abors who live in the Kamla valleys and Western Dana 
bills and their more westemly neighbours, the Galongs. Short notes 
are included on the Mishmis and the Dallas, These accounts, 
though not exhaustive, are accurate and are our only sourw oi 
authentic information on the habits of these tribes. Part II contains 
anthropometric measurements of male and female 

Part III contains the personal narrative of a visit of 
the Dihong vaUey to Pemakoichen, with interestmg notes on tbe 
Membas. who inhabit this territory and are in reality the easternmost 
branch of the Tibetans. / r Aa 

(ii) Notes on the Thadou Kuhts by Wilham Shaw {Joum. As. 

Soc. Bengal, 25. pp. 1-175, 1929). The author spent 7 ^ 

subdivisiLal officer in the N.-W. area of ‘^e Manipur State which 

i? chiefly occupied by the Thadou Kukis. His accounts ol the ans, 

crafts, sLial and religious customs of ‘he ‘ribe are fairly 

and reliable, but being based on the Shttlho clan, refer pnmanly 
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this important group, though no doubt holding good of the Thadou 

el- belong .bo work, of S C. Bo, 1„ tb. ChoU 
Nagpur plateau. Coming to practise as a lawyer. 
in ^chi, he was moved by the oppress.ons and hardships of 
the Munda tribes at the hands of aliens, who were placed over 
the heads of the Munda village communities through the ignorance 
and apathy of the Government authorities. The adroimstrative 
and judicial officers having been ignor^t and unmindful of the 
agrarian history of the Munda country did not take any effective 
measures to see that proper justice was done to them in respect of 
their agrarian grievances and difficulties. To remedy this state 
of affairs, Roy learnt the Munda language and prepared a detailed 
account of their tribal organisation, laws and custonw, which was 
DubUshed in 1912 under the title of The Mundas and their Counirij. 
Soy's book removed a long-felt desideratum by giving a detailed 
account of the Munda institutions and was acknowledged by the 
Hiffh Court of Judicature aa authoritative ; and the Government of 
Bihar under the initiative of Sir Edward Galt, then Lieutenant- 
Governor of Bihar, encouraged him in bis work with financial 
assistance. The next tribe studied by Eoy was their^ neighbour, 
the Oraon. In the two volumes published on this tribe, namely 
The OwM oj Choia Nagpur in 1916. and The Oraon Neiigion and 
Customs in 1928, he showed that like the Mundaa, they too have a 
patrilineal social system, the same type of village Panchayat, 
and a wider organization composed of a number of Parhas or federa- 
tions associated together for certain common purposes. Unlike 
the Mundas, however, the Oraona have no regular ancestor- cult, 
although the spirits and supernatural powers that they boUove in 
and strive to appease, are generally of the same pattern, and in a 
few instances common with those of the Mundas. One noticeable 
distinction is that, whereas, all the calamities of life are attributed 
by the Mundas to the spirits, the Oraon's first Impulse is to attribute 
them to witchcraft or the Evil Eye. Boy was also the first man 
to draw attention to the existence of a well organized dormitory 
system for bachelors among the Oraons — a system which he sub- 
sequently discovered among Kbarias and other tribes of the ' Central 
Belt*. 

Boy ^6 investigations were not, however, confined to these two 
tribes but embracra the o^er Munda-speaking peoples of this region. 
He published his account of the Birkors in 1925, followed ten years 
later by his monograph on the HiU Bhuinyas of Oriseoj who altliougb 
belonging to the same Munda eto^ have now adopted Uriya as 
their language. These people still praotise the Jkum cultivation, 
but show the effect of acculturation with Hindu culture as a result of 
contact with their more civilized neighbours — the Ooriyas. The 
last work to be published by Boy is The Kharias (2 volumes) 
this year. This monograph, prepar^ in collaboration with his son, 
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R. C. Roy, deals with all the three sections of the Kharia tribe, 
namely the Hill, the Dudh and the Dhelki, extending from 
Jlayurbhanj to the Jashpur States of the Central Provinces, and 
present difrerent strata of primitive culture. Roy gives an exhaus- 
tive account of the Kharia institutions and corrects many inaccura- 
cies in the accounts published by the earlier writers. 

Like his colleagues in Assam, Roy has covered a large block 
of tribes living in contiguous territories, with hrathand intensive 
researches on their social and religious institutions, and has laid 
anthropologists under a deep debt of gratitude by providing reliable 
and detailed information for comparative studies, on the Mon-khmer 
speaking peoples living in the highlands of the Santal Parganas and 
the adjacent tracts. 

In no other part of the country systematic investigations of 
such a nature has been carried out, but valuable and reliable accounts 
of several castes and tribes have appeared. To this category belong 
the monographs published on several of the Burman tribes. They 


are . , , , 

(i) TAe ShaM by W. W. Cochrane published in 1915, m which 
the author has discussed the origin and early history of the Shsi^ 
of Burma, Yunnan and lower Cambodia. A general account of their 
language, afBnities and religion has also been given. 

(ii) The TalaingSf published in 1917 by R. Halliday, who awr 
studying them both at home and across the frontiers in Siam has 
striven to give an account of the genuine rites and custoEns of the 
Talaings, as distinguished from those which usually pass off under 

that name. j it t 

(iii) The Karen People of Burma by the Reverend H. A. 
Marshall published by the Ohio University in 1922, is undoubtedly 
the best of the series. The author was in charge of the Amencan 
Baptist Mission among the Karens for many years, and had^e 
advantage of receiving a training in Anthropology under ijol. 
Siebert of the Ohio State University, and Drs, Laufer arid hay 
Cooper-Cole of the Field Museum of Natural History of Chicago. 
He has given a detailed account of the domestic, social and rehgious 
life of the Sgaw branch of the Karen people. Besides these, the arW 
and crafts of the Karens have been fuUy desenbed, and t^ere « 
also an excellent general description of their physical traits, wit 

well Home of an EasUm Clan (1924), the authore^, 

Mrs. Leslie Milne, who spent many years among the Palamgs ol tue 
Shan States, has described in some detail social and 
tions of this interesting tribe from personal knowledge, ihoug 
not exhaustive, it gives a good reliable account. 

Of the other monographs pubUshed, one of the m^t importan 
is the Life History of a Brahui written by Six Denys Bray m 1915. 
it gives an accoimt of the Brahui life from birth to 
tL ri^s and ceremonies associated with its different cycles, told 
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by llirza Sher Muhammad, himself a Braluii of the /hf'™ 
tT\hf^ and deeulv versed in tlie customs and nistitutions of his race. 

rt Islanders (1922), A. R. Brown, who has 

recently been appointed to the Chair of Anthropology in tho 
Univemity of Oxf^. published the results of his 
the Andaman Islands during 1906-08, as Anthony Wilkm Student 
of the University of Cambridge. Brown s investigations refer 
nrimarilv to the North Andamans, and his book is one of tho 
standard works on the social and religious institutions of tho 
Andamanese. His researches, as embodied in this book, have no 
doubt considerably added to our knowledge about the Andamaneac, 
specially the chapter on Technical Culture, but his interpretation 
of the Andamanese customs and beliefs must be regarded as some- 
what speculative. . . , , i 

The most authoritative account of the Andamanese, however, 
id given in E. H. Man’s Aboriginal! nhahiUinU of thtAndainan Jelatw 
(1932), which the Royal Anthropological Institute of Great Britain 
and Ireland has published in a revised form. During his thirty -two 
years’ stay in the Andaman Islands as Assistant Superintendent 
U 869-1901), Man acquired a most intimate knowledge of the 
language and customs of the Islands. This, as also his work on 
the Nicobar Islajtd^ and Their PeopU, published in the same year 
by the Royal Anthropological Institute of Great Britain and 
Ireland, are tho posthumous collections of his papers edited by his 
sister, who was long associated with him in his work. These arc 
the best sources of our information on the two aboriginal tribes living 
in the Islands of the Bay of Bengal. 

Finally, one may mention, The Vaiihnavas of Oujrat by N. A. 
Toothi (1936), in which the author has described the social organiza^ 
tion, and rituals and observances of the different Vaislmava sects 
and subsects found in Gujrat as a result of personal investigations 
eiktending over many years. 


III. PBEHISTORIC AnCttfiOLOOY. 

Stone artifacts, both crude and polished, have been found in 
great abundance in India along river beds and hill terraces and 
accounts of them have been published* by several earlier workers 
such as H. F. Blaoford, V. Ball, N. 0. I^gan. etc. A systematic 
description of these objects was given by B. Bruce Foote in his work 
entitled The Indian Prehistoric and Prolohistoric Antiquities (1916). 
Similarly in bis Catalogue of the Prehistoric Antiquities, etc. published 
in the following year, J. Coggin Brown gave an account of the 
stone implements in the collections of the Indian Museum. In 
1923, Panebanan Mitra, in his work on Prehistoric India, put for- 
ward a classiffcation of the Stone Age cultures of India on the 
analogy of European culture-sequences on typological grounds. A 
more serious and critical attempt was that of H. C. Das Gupta 
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{Joum. Dept. Sc.y Cal. Univ.t 6, 1923), who sought to determine the 
chronology of the Indian finds from associated fossil animal remains 
found in some places, such as the Siwalik beds. It was not, however, 
till the recent Yale -Cambridge India Expedition led by Hellmutt 
de Terra, that definite stratigraphic evidence for the Age-sequences 
of the Indian Stone -Age cultures was discovered. The de Terra 
Expedition made a systematic survey of the country lying between 
the Indus and Jhelum, from the Kashmir Valley to Pir Panjal and 
from Poonch to the Salt Kange, and found a large number of pre- 
historic sites from Early PaUeolithic to the Keolithig ages. Tbe 
most characteristic of these cultures existed in the Soan Valley 
(from which he gave this culture its name), ranging from Early to 
Late Middle Paleolithic times. I>e Terra was able to correlate 
them with the glacial cycle of Kashmir and thus provide for tbe 
first time a tentative chronology of the Stone Age Culture sequences 
of India. The * Soan ' culture was essentially a fiake culture 
reminiscent of the Mouslerian industry of Western Europe and was 
without doubt the source from which the Pal«olithic cultures of tbe 
Narbadda Valley, Western Ghats and S. India were derived 
Amer. Philos. Soc.y 1 , No. 2. 1936 ; Nature, April 26. 1936). 

His further work on the Megalithic sites of Kashmir showed 
that in India, also, this culture had a Neolithic basis, characterired 
by polished stone implements, and a * band-ceramic ’ recalling the 
Neolithic pottery of Ontral Europe. This ‘ black burnished * 
ware is identical with that found in Mohenjo-daro and in 
Baluchistan and Persia during the Chalcolitbic times, and suggests 
that the ' Indus * Civilization was probably superimposed on an 
older Megalithic Culture already existing in the Indus Valley, tbe 
discovery of which by R. D. Banerji in 1922 marked, not only an 
era in Indian history, but is comparable to the effect produced by 
Scblicmann’s discoveries in Greece and Asia Minor, 

Attention was drawn to the significance of these discoveries 
by Sir John Marshall in 1924 llUustrated L<mdon News, September 
20, 1924), but the first official account of the * Indus * Civilization 
was published in 1931 in his Mohenjo-daro and the Indus Civilizait^ 
(3 vols.). The results of excavations at Mohenjo-daro during 1922- 
27, which are described' in this work, revolutionized ail existing 
ideas, not only on the origins of the Indian but also on that of 
human civilization in general. There are many elements in the 
Hindu Religion such as the cults of Siva, the Mother Goddess, and 
much of Zoolatr)’, which are not traceable to the Vedic A^^s, 
found their explanations at last in the faiths that existed 
Indus Valley and throughout the Near East during tbe Chalcohthio 

*™^The extension of the ‘ Indus* Civilization further westwarfs 
in Baluchistan was shown by the excavations at Nal by J±. 
Hargreaves (Mrrn. Arch. Surv. of /nd., No. 36, 1929). 
Wazaristan, Northern Baluchistan and the whole of Gedrosia by 
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the explorations of Sir Aui«l Stein in 1929 and 1931 Arch. 

Ijlnd., No. 39. 1929; A/em. Surf of g; 

19311 '^N G Majumdar {Mtm. Arch. Surv. of Ind., No. 48, l.)34) 

Jn his careful survey of Lower Sind has explored innumcral)le sites 
beloneing to this Civilization along both banks of the Indus almost 
as far^south as the Arabian Sea. one of whieh, viz. Chanhndaro has 
recently been excavated by Dr. E. Maekay on ^half of tlic Ameru-an 
School of Indie and Iranian Studies and the Mureum of ime Ar^s^ 
Boston {Bull. ifus. Fine Arts. Boston, 34, pp. 83-9^ 1930). Seals 
bearing the Indus script have been ^ 

Sumerian sites and H. Frankfurt (.dnn. BiW. Ind. Arch., 7. pp. 1 U, 
1934\ baa recently drawn attention to the close sjmilanty of boroc 
of the Mohenjo-daro finds with those of Tell Asmar, suggesting 
trad© communications, if not a common origin for the ancient 
civilizations of the Indue and the Tigris-Eupltfatea valleys. 

Direct reference to the ‘ Indus people m early Sanskri^t 
literature is not clear, though Ramaprasad C*handa (Ifm. Arch 
Surv. of Ind.. No. 31, 1926; Mem. Arch. Surv. ind No, 41, 1020) 
has suggested that passages in certam Vedic texts clearly allude to 
their beliefs and habits. It cannot, however, be said that the gwlf 
separating our knowledge of the Vedic from the ‘ Indus Civilizations 
has, in the absence of a key being yet discovered for deciphering the 
ancient script of the Indus Valley people, at all been bridged. 

Mention has been made of de Terra’s discovery of a Megalithic 
Culture in N.-W. Indiadating back to the Neolithic times. Through- 
out the highlands of Central India there are innumerable remains of 
a Megalith ic character, but no systematic excavation of any of these 
sites has as yet Uken place. The explorations carried on by S. C. 
Roy and E. A. Murray have, however, given us some idea as to their 
nature and contents. The remains surveyed by Roy (Jentm. Bihxr 
and Orissa Rts. Soc., I, pp. 229-233 ; 2, pp. 485-487 ; 6, pp. 393- 
343) consist of ancient brick structures, silted up tanks and huge 
slabs and columns of sepulchral stones attributed by the Mundas to 
‘ Asuras who were supposed to have occupied the land before them. 
Over 18 of them were examined by him from Belwadag in the 
vicinity of Khunti, the subdivisional head<iuarter8 of the Mundas, 
to Sangrigaon and Indpirl, at the southern end of the Ranchi district. 
No human remains were found, but polished stone implements of 
various kinds, cornelian beads, wheel made pottery with geometric 
designs, and large quantities of copper and bronze objects were 
unearthed. Cinerary ums, phallic symbols, iron objects, iron slags 
and kilns for smelting them were also discovered. £. A. Murray's 
excavations of the Buangarh ruins {Ctmus of India, 1, part 3, 1935} 
on the spur of a hill in the copper-belt of the Dalbbum district 
(near Tatanagar) recovered objects similar to those found by Roy, 
namely, polished stone implements, potsherds, cornelian beads, 
copper and gold ornaments and iron slags besides two human 
skulls. 
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In Southern India and the Deccan » where the Megalithio 
remains occur in largest numbers, excavations took place very early, 
and in the accounts published by Meadows Taylor (Trans. Roy. 
Irish Acad., 24, 1873) and J. W. Breaks {Primitive Tribes of the 
Nilgiris, London, 1873) in the latter part of the nineteenth century, 
we possess materials of the highest value. Since then a con* 
siderable amount of work has been done on these remains in several 
parts of S. India, and in the State of Hyderabad particularly. In 
1912, A. H. Longburst {Ann. Rep. Arch. Sur. Ind., 1911-12) pub- 
lished an account of a rockcut tomb near Calicut, and two years 
later (Ann. Btp. Arch. Siir. Ind., 1913-14) of a number of cairns 
and stone cists at the foot of the Nilgiri hills in the Coimbatore 
district. But the most important work was that of E. H. Hunt 
{Joum. Roy. Anthr. Inst., 54, 1924). St&tioned for many years as a 
British Medical Officer in Secunderabad be was early interested in 
these ruins and carried out a systematic excavation of the stone 
cists, etc. at Raigir and other parts of the Hyderabad State. He 
was followed by L. Munn (Ann. Rep. Arch. Sur. Hyd. State, 1915.16), 
G. E. C. Wakefield {Ann. Rep. AnjA. Sur. Hyd. State, 1917-18) and 
G. Yazdani (Ann. Rep. Arch. Sur. Hyd. State, 1916-16), all of whom 
excavated a large number of cromlechs, cairns and stone circles In 
Raigir, Janampit and Maula Ah in the Hyderabad State. Further 
south in the Tamil country, 18 miles from Vellore, near the site of 
the ancient city of Kanohi, F. J. Richards {Jmim. Roy. Anihr. Inst., 
54, 1924) opened three stone circles at Odygathur and Numa 
Lafiite {Rapport D'ensembU sur Iss FouiUes Executees dans U Sud de 
L'Inde.y Paris, 1932) of the French Colonial Health Service has 
recently published an account of his excavations of the stone 
circles at Tiru vicar, Permibe and Montapalam in the Coromandel 
Coast, about 20 kilometres from Pondichery. 

These excavations show the general uniformity of the ruins as 
judged from the same type of red and black wares, cinerary jars, 
terra-cotta sarcophagi, cornelian beads and bronze and iron objects 
found in abundance. The high percentage of tin, ranging from 19 
to 21 in bronze objects of the Nilgiri hills and Hyderabad (Deccan), 
is similar to that found in the * central belt where the percentage 
of tin is sometimes as high as 23*8. In the ancient Indus Valley 
on the other hand, in none of the specimens examined it exceeded 
12*13. This, and the similarity of objects, appear to link the cultures 
of Central and Southern India directly, lowing that in all pro- 
bability the Megalithic culture migrated southwards after a 
knowledge of working out the metals was acquired, and bronze 
objects continued to be imported in the south from Central India. 

Whether the Megalithic culture found in Assam and the North- 
Eastern Frontiers can also be regarded as originating from the 
same source is not as yet quite clear, though the researches of 
J. H. Hutton would seem to suggest that it was due to a later 
mo vem ent of Mon- kbm er people from South - Western China. These 
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stone monuments of Assam were widely known and J^^'-ibed 
the eaXst times, but J. H. Hutton was responsible tor 
bringing out their true significance for the first time. In a pap 
pubUshed on the monoUths of D.mapur {Journ. 

52 1922) foUowed by two others on the Jamugun 
Davang Valiev (Ibid., 1922 and Journ. At. ‘Soc. Jiey., 20, l.)-l). 
Hutton showed that they were connected “e 

carried his investigations on these monuments further into the 

Naga hills iJovm. Soy. Anihr. Inst.. 56, 1926) and found that they 
were also connected with the same cult. His further studies con- 
vinced him that the cult of the stone in Assam was 
ancestor worship, and not directly connected with the Megahthic 
culture of Central India, but was due to a later movement troin 
South-Western China, and closely linked up with the same culture 
found in Oceania [Man in India, 8, m>i . AnltquHy. ^ep- 1929). 

There are, therefore, two sources from which the Megautluo 
cultures of India were possibly derived, but there does not appear to 
be much reason to trace either of them directly to Egyptian 
as seemed probable — to many at one time (P. Mitra, op. cit., 1923 , 
G. S. Ghuriye, Man in /ndio,6, 1926), though further researches are 
undoubtedly necessary to bridge the gap that now exists between 
our knowledge of the Neolithic Stone Cult of N.»W. India at^ tjio 
later metal using Megalithic Culture of Centra) and Southern India. 


IV, Physical Aktbropolooy. 

Since Risley’s work, investigations in Physical Anthropology 
were mainly directed towards : (1) studies of the skeletal remains of 
Indians past population recovered during excavations of prehistoric 
sites in recent years, and (2) Somatic characters of selected groups 
of living population. 


(a) Craniometry and Oefeomeiry. 

The earliest account of note on prehistoric man in India was 
that published by Sir Arthur Keith in 1917 (Jour. Anfhr. See., 
Bombay, 11, No. 6) on the Bayana and Sialkot skulls. The 
former was found at Bayana a few miles from Agra by Wolfi in 
1910, at 35 ft. below the level of the riverbed, during the construction 
of a railway bridge, and the latter by Kingston In 1912 near Sialkot 
at a depth of 6 ft. below the level of the land. Though the definite 
ages of the skulls are uncertain, the former appears to be of con- 
siderable antiquity, as judged both by the degree of mineralization 
it has undergone and the great depth of the alluvial bed in which it 
was found. The latter would appear to be more recent, and in 
consistency, not unlike the bones of the ChalcoUthic times in the 
Indus Valley. In the Sialkot skull the facial part is entirely missing, 
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but in the Bay ana, enough of nasal bone remains to show that it 
was narrow and high pitched. The cranial shape is long and both 
disclose undoubted * Mediterranean ’ afBnities. 

The other accounts on prehistoric bones in India are those 
published by B. B. Seymour Sewell and B. S. Guha on (i) The 
Human Kemains excavated at Nal by H. Hargreaves (Mtm. Arch, 
SuTv. of India, No. 35. 1929) ; (ii) The Human Remains recovered 
by Sir Aurel Stein in Makran (Mem. Arch. Surv. of India, No. 43, 
1931) ; (iii) The Human Remains excavated at Mohenjo-daro during 
1923-27 {Mohenjo-daro and tht Indian Civilization, 2, 1931) ; and 
by B. S. Guha and P. C. Basu; (iv) on The Human Remains 
excavated at Mobenjo-daro by E. Mackay during 192$<29 (Further 
Excavaiiom at Mohenjo-daro, 1937). 

In these Memoirs Sewell and Guha, and later Guha and Basu 
showed that during the Chalcolithic times in the Indus Valley and 
Baluchistan, the chief racial types were similar to those existing 
at Kish and AI*Ubaid in pre-Sargonic Sumeria, and consisted of the 
' Mediterranean * strain, a largebrained longheaded type of possible 
Proto-Nordic affinities and piano-occipital broadheaded race charac- 
teristic of Asia Minor at the present times. 

In the Nal Collection of bones which consists of the remains of 
13 individuals, ranging from an young adult to an infant of one year* 
Sewell and Guha observed some special features of considerable 
morphological significance, namely, the change produced in the 
shape of the acetabular cavity, the gradual migration inwards of the 
pilaster and fossa hypotrochanterica, the anterior prolongation of 
the articular surface between the astragalus and the os calcis, and 
the decrease in the Cnemial index from childhood to adult life, 
caused by the influence of altered strains and stresses on the bones 
and articulations, due to the adoption of the squatting postur^ 
Besides these, G. Elliot Smith (Evdulion of Man, 1924) published 
a short note on two skulls from Aditanallur. excavated by A. 

1901 and sent to him for examination. In 1930, a more detailed 
account of the same was published by S. Zuckerman (Bull. 

Oovt. Mus., N.S. 2, 1930) under the directions of Prof. Elliot Smith, 
in which the Australoid character of the one was confirmed, but the 
other was held to be more cloeely allied to the ' Armenoid rather 
than to the usual ‘ Mediterranean ’ type. , t o 

On the skeletal remains of the modem Indian population, b. iv. 
Sullivan (Anihr. Pap. Amer. Mus. Nat. HUi., 23, 1921) published 
a comparative study of some Andamanese and other Negrito ehum. 
In the same vear was published M. L. Tildesley’s first study of the 
Burmese skulls (Biometrica, 13, 1920-21) in which she made the 
application of Pearson's CR.L. method for the first tim^ Ihe 
crania studied by her were procured by Col. Chester, 
cemetery near Moulmein. The Burmese skulls investigate oy 
P. 0. Bksu (Trans. Bose Bes. Inst., Cal., 7, 1933), belongmg to t^ 
collections of the Indian Museum, came from Pegu, from a Known 
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cemetery near Prome. and therefore refer to a n>ore north-we.ternly 
the unadministered part of Burma west of 

revealed the presence of a non-Mongoloid type 7 ^^ “f 
ment of the supra-orbital regions accompamed by a ^ 

the nasal root, and seemed to confirm f P ”''*?"® 7 

tion of Negroid strains in the Naga country {Man India, 7. 

^^^’ke concluding part of Sir William 
researches on Craniometry of the Indian ^ople 
Edin 49, 1914) conUined also accounts of several skul s belonging 
to the Chinboks, Taungthas. Jaws of the Chm h>»s and 
Shan tribes. I.i this memoir, Sir William also published his invest^ 
gations on the crania of the Bhils of Central India. Two more 
papers appeared, dealing with the skeletal remains of the aboriginal 
Wihes of this part of the country, namely, P. C. Basu s «^dy of the 
Munda crania (Prana. Bote Bet. Inst., Cal.. 10, 1935). The crania 
investigated by Basu were obtained by W. H. P. Driver and 
Col. Dalton for the Indian Museum, from the neighboufliood ot me 
Ranchi district, and disclosed the strikingly Australoid character ot 

some of the Munda crania. . « . . . 

The last papers to be mentioned though not the least in impor- 
tance are the two dealing with the Dra vidian -speaking peo^es of 
Southern India. In the former published by G. Harrower {Traru. 
Roy. Soc. Edin,, 44, 1925-26), 35 authentic crania, belonging to the 
Tamil coolies who died in the King Edward VII Medical College 
Hospital at Singapore, were studied. Harrower made a careful 
morphological examination of the crania, and statistically analysed 
his meaauroments according to Pearson’s method of the C.R.L. 
Similarly R. K. Rau published an account of Telegu crania 
{Centtu of India, 1, pt. 3, 1931) which belonged to Cadavars from 
King George’s Hospital in Vizagapatam, records of whose age, sex 
and nationality were preserved. C. Mascerenhae’ investigations 
on 20 Goanese skulls also deserve mention {Argv. da Esc. Med, 
Cir. de Nova Ooa, Serie A, pp. 1348-61, 1931). 

These papers give us our only sources of information on the 
cranial characters of the South Indian people, based mostly on 
skulls about whose authenticity there is no room for doubt — a 
desideratum not fulfilled in collections made previously from 
Southern India. 

(5) Anihropomelry. 

The survey of Sir Aurel Stein in the North-Western Frontiers of 
India is the first important work undertaken in Anthropometry 
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during the period of this revitw. Our knowledge of the races living 
in these regions was hitherto due solely to the labours of Baron 
Mezo-Kovesd Ujfalv)*, who visited them in 1S$1'82 under the aus- 
pices of the Societe d*Anthropologie de Paris. In the course of his 
three Archeological Expeditions to Russian and Chinese Turkestans 
during the years 1900-192$, Sir Aiirel found time to measure over 
one thousand individuals belonging in the main to tribes living out* 
side India’s frontiers, but including also seven within her boundaries, 
namelvv the Baluch of Baluchistan, the Pathans of Swat and Torwal, 
the Red Kafiirs. the Khos of Chitral and Mastuj and the Hunzas of 
Gi )ghi t . Stein's measure men t s comprising 1 0 cha ra cters , and supple- 
ment ed by careful observations on the skin, eye and hair colours, etc. 
constitute our chief and only materials on many of these tribes. 
Most of his data were analysed by T. A. Joyce with the half of the 
equation known as the * Differential Index ’ suggested by H. E. 
Soper and published in 1912 and 1916 {Joum. Boy. Anthr. Inst., 
42. 1912 ; 46. 1916). His data on the Baluch, the Patban of Swat, 
the Torwali an<l the Hunza have recently been similarly treated by 
G. M. Morant who used Pearson's C.R.L. for hia comparisons {Joum. 
Boy. Anthr. Inst., 66, 1936). 

After Stein, measurements were taken by R. B. Dixon on the 
Burushaski people of Hunza-Kagar during a short visit to that region 
in 1912 {Racial History of Man, 1923), and by G. Dainelli, during 
the De Filipi Expedition to the North-Western Himalayas and 
Karakoram regions in 1913-14. Dainelli measured 530 men 
including the Kashmiri, the Ladakhi of the Upper Indus and Nubra 
valleys, the Dardic group consisting of the Machnopa and Bropka, 
the Balti and the Purigi who have now adopted Tibetan as their 
language. These materials were carefully analysed by R. Biasutti 
in two papers published in 1926 and 1930 {Spediziont Italiana Dt 
Filipi, Serie II, 9. 191314 ; 2, 1930) in which for the first time the 
author was able to isolate a short statured dolichocephalic loesor- 
rhinic race which he considered to be an ancient pre-Aryan layer 
that has survived in these parts. 

In 1922, Ramaprasad Chanda published measurements of a 
small sample of Kashmiri Brahmins (Joum. Dspt. Lett, Cal. Univ., 8)» 
and in the summer of 1929 an expedition was sent by the Zoological 
Survey of India to collaborate with G. Morgensteime who visited 
the North-Western Frontiers of India on a linguistic mission on 
behalf of the Norwegian Institute for Comparative Research m 
Human Culture. Measurements on 700 men were taken by the 
present writer during this expedition, on the Kaffir tribes of Rambur 
and Bamboret, the Khos of lower and upper Chitral, the Pathans ol 
Bijaur, etc,, besides a large number of Tadjiks and Uzbegs from 
Badakshan and Khasgar. who came to Chitral during that time 
(CVn-sus of India, 1. pt. 3, 1935). 

Of the Punjab plains immediately south of these mountain 
regions, Frhr. von Eickstedt has published an account of the physical 
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1. li-t -soldiers captured by Germany during tlic War. of 

76 were Sikhs from the Eastern and Mussuliimnn from the 

Om. U'<>n.,56, 1026; Maw *'n l^C) 

Further south in the lower Indus Valley the only melne data 
available arc the measurements taken by R- B. fse^mour Sewtil 
andC R Roy on 100 Sindhi and 100 Brahui coolies of;Mo!.enjo.<lnro 

during the excavation season of 1927.28 (Cenaaa 1. pt. HI. 


In Western India, Dr. I. Karve (2ri/«. Morjih. Anihr. 29. 
1930) carried out a careful survey of the eye colours of over three 
thousand Chilpavan Brahmins, both men and women, between the 
aaes of 1-54 years. But the most systematic and compreliensive 
investigations were those undertaken by A. C. G. da Silva Correia 
and his pupils in the Southern JIarhatta country, and particularly in 
Portuguese India. Da Silva Correia published his first work {Ln 
Rants dt Satary. Nova Goa. 1928) on the descendants of the 
Rajput nobles who dominated parts of Malabar in the 15th nnd 
16th centuries and afterwards mad© Satara their home, His 
next study was on the mixed Indo-Portugues© |»pulation of Nova 
Goa [Argv. da E$C. Med. Cir. <U Sova Qoa, Serie A, 2, 1026). In 
the following vear, his pupil V. Camotin published his researches 
on the somatic characters of the Saraswat Brahmins (Oa Bramanes 
Sara^vaU de Oca, 1929), and held that on anthropometric grounds, 
the Saraswat Brahmins of Nova Goa appeared to be related to tlie 
Brahmins of Goordeshfi, or Bengal. Pa Silva Correia’s further 
researches comprised : (o) a complete anthroponietrical and mor- 
phological study of the children between the ages of 10-21 of the 
Portuguese parents residing in Nova Goa {Argv. da Esc. Med. 
Cir. de Nova Gca, Serie A, 7, 1931) ; (6) an exhaustive work on the 
Marhatta population of Portuguese India {Les Maharai(e4 de 
VInde Portugoiae, Nova Goo, 1934), in which he published the 
results of his studies on 162 adults including an analysis of the 
blood -group tests on 400 men ; and (c) a comprehensive study of 
the Goanese Mussulmans (Les Jfttsulwona dt /7ndc Portugaise^ 
1937), which included his investigations on the somatic characters of 
100 male subjects, their blood-group tests, and other morphological 
and ethnological characteristics. 

F. X. R. da Costa Pegado {Argv. da Esc. Med. Cir. de Nova 
Goa, Serie A, 7, 1931) is responsible for a very important investiga- 
tion on the soft parts of the inhabitants of Nova Goa who died 
in the hospital attached to the Medical School. He observed certain 
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important difierences between the upper and lower caates, such as 
the absence of muscle palmaris longus in the latter. 

The invest igations of da Silva Correia and his pupils and 
colleagues furnish us with detailed systematic studies on the 
physical characters of the different sections of the population of 
Portuguese India. 

Other studies on Peninsular India worth noting are : (o) 
a short account of the bead*form of the Moslems of PuUcat bas^ 
on the measurements taken on 100 subjects by S. T. Moses (Man 
in iTidia^ 1923) ; (6) an excellent account of the Somatic characters 
of the Para war, Shanan and Parayan castes of the Tinnevelly district 
published by J. Homell (Mem. As. Soc. Bengal , 7, 1920). Homell's 
measurements showed the presence of a strong brachy cephalic 
element among the Tamil coastal population which he considered to 
be due to a Polynesian immigration bringing with it the outrigger 
canoe and cocoanut to India ; (e) researches on the Kadar and the 
Malayan tribes in the interior of the Annamallais and the adjoining 
Perambiculum hilU by the author during 1928-29 (Noiurty 121 » 
1928 ; and 123, 1929) which disclosed for the first time the pre- 
sence of a Negrito racial strain among these tribes ; and (d) L. A. 
Krishna Iyer's studies on the physical characters of the primitive 
tribes of Travancore (Pr. Ind. Ac. Sc.j 4, 1936) in which measure- 
ments on 252 individuals comprising 10 groups were published. 

For the north-eastern part of the country J. Coggin Brown and 
S. W. Kemp (</p. cit.y 5, 1915) published measurements on the male 
and female Abors living in the Kamla Valley and the Western 
Dafia hills. The measurements on the Angami and Serna Nagas 
taken by R. B. Dixon were published by Hutton in the Appendix 
of his monograph on the former tribe {Tht Angami Nagas, 1921). 
Dixon also published an account of the racial affinities of the Khasis 
{Man in India, 2, 1922), on the basis of the measurements taken 
by him in Shillong. Attention was drawn to the presence of 
frizzly hair among the Angami Nagas by J. H. Hutton (Man tn 
India, 7, 1927), who considered it to be due to an underlying Negnto 
substratum in the population of this part of the country. 

In Assam proper no investigations have taken place atter 
L A Waddel’s work in 1901, but in Bengal, R. P. Chanda published 
his measurements on 216 men belonging to the Brahmin, Kayasthft, 
Vaidya Tili and Kaibarta castes (The indc- Aryan Race, 1916). 
This work was the first to expose the weaknesses in Bisley s account 
of the origin of the Indian races, and marked a departure m the 
anthropological literature of the time, by suggestmg that the 
brachvcephalic people of India as a whole were parts of an c^Jier 
race inovement from Central Asia. They were later on forced out 
from the ‘ Madhyadesa * by the Vedic Aryans, and formed a sort 
of an outer ring round them— a view subsequently adopted oy 
V. Giuffrida Ruggeri (The First Outlines of a Systematic Anthropotogy 
of Asia, Trans, by H. Chakladar, 1921). 
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The elaborate measurements taken by N. Annanclalc since the 
installation of his laboratory in the Indian Museum consisted 
among others of a series of Anglo-Indian population of Calcutta 
numbering over 200 subjects. P. C. Mahalanobis was entrusted 
with the task of giving the biomctncal analysis of these materia Is. 
and he has so far published bis analyses on sUture {Rer IjuI. 

33 Part I. 1022) and Head Length {op. cii.j Fart 11, 
Mahalanobis has also analysed Risley*s anthropometric data by 
means of certain alternative formula devised by him for statintically 
determining divergences between different racial groups {Journ. 
As Soc. Btnpal, 22. 1927). The theoretical foundations of thesw 
tesU (called D*) were discussed by him [Joum. As. Soc. otr^aX, 
26 1930; Ptoc. Insi. Sc. /nd., 2(1). 1930); by R. C. Bose 
[iJonWyo 2(2). 1935] and by S. N. Bose [Sankhya 2(4). 1930 ; 3(2), 
1937]. Mahalanobis’ D* tests were applied by him m analysing 
Shirokogotofl’s materials on Northern and Eastern China (Man in 

India, 8, 1928). , . ^ 

Other investigations in Bengal include (i) a study of the 
Varendra Brahmins by T- C. Rai Chowdhuri [Man in India, 
13 1933) who measured 179 male adults of the Nadia district, 
(ii) A. K. filitra’s measurements of 875 individuals belonging to 
the Vaidya, Subamabanika. Mahisya and Namasudra cwtes of 
Western Bengal {Census of India, I, pt. HI. 1935], and (iii) H, C. 
Chakladar’s work on the Muchis {Proc. Ind. Sc. Cong., 1936). In 
addition U. Guha has measured 250 Bengali women of the Brahmin. 
Vaidya and the Kayastha castes {Census of India, 1, pt. Ill, 1035) 
and B. N. Datta has published a note on the incidence of the 
Darwinian tubercle in 66 male subjects belonging to Bengal (Man 
in India, 14. 1935). 

lo Bihar, besides the measurements published by R. P. Chanda 
on 144 subjects of the Brahmin. Babban and Chattri castes {op. cil., 
1916). B. K. Chatterjee is responsible for a very careful study of the 
Maithil and Kanaujiya Brahmins of the districts of Darbbanga and 
Bhagalpur {Aniht. BuU. of Z.S.I.^ No. 2. 1934). Chatterjee *8 
analysis showed that the two groups are really samples of the 
same racial stock, but differ from the predominantly bra chy cephalic 
Brahmins of Bengal. 

The rest of the published works concern cMefly the aboriginal 
population of Central India, the earliest of which was by D. Maj umdar 
on the Hos of Kalban {Man in India, 5. 1925). P. C. Basu began 
a systematic survey of the tribes of the Santal Parganas and pub- 
lished two important memoirs on the Somatic characters of the 
Mundas and Oraons {Trans. Bose Res. Inst., 9. 10. 1932-34). Basu 
also published an account of the anthropometry of the BhuLnyas 
of Mayurbhanj {Joum. As. 8oc. Bengal, N.S. 24. 1929). Lastly 
attention was drawn by S. Sarkar (Nature, 137. 1936) to the pre- 
sence of spirally curved hair among the aborigines of the Rajmahal 
hills, of whose physical characters a very detailed account has 
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recently been published by him {Trans. Bose litis. Inst., 12, 1937); 
and a chapter on the physical characters of the Kharias was in- 
cluded in the recently published work on the Kharias by S. C. and 
K. C. Koy {op. cit., 1937) in which test of Mahalanobis was used 
In analysing the data. 

A reference is necessary to the very important paper of R. B. 
Seymour Sewell on the origin of man and the population of India 
in the past and future (Pres. Add. Sixteenth /nS, 8c, Congr., 1929) 
in which he sought to explain the cause of brachycephaly as due to 
living in high altitude in the formative period of man's life -history. 

The morphology of hand and finger marks have of late received 
increased attention in America and Europe as a &esh line of in- 
vestigation in physical anthropology, and P. C. Biswas has started 
similar investigations on Indians (Zeits. Morpkol. Antkr., 35, 
1936). 

Mention should also be made of the survey by Lidio Cipriani 
among the tribes living in Travancore, Cochin, Coorg and the Ntlgtrl 
hills during 1934-35, in which measurements were taken on 2,323 
individuals, belonging to 36 groups. A full account of hia investiga- 
tions has not as yet appeared, but in a preliminary communication 
on his work in Coorg {Arch, per VArUhro t la Bin., 65, 1935), he has 
demonstrated the presence of the Dinaric race as a dominant element 
among the Kodagus of Coorg. Similarly Gordon T. Bowles and 
Mrs. Bowles on behalf of Harvard University carried out an anthro- 
pometric survey in the sub- Himalayan region from Kashmir to 
Sadiya, and in the interiors of Assam and Burma, during two years 
of intensive work (1934-36) in which measurements on 6,305 persons 
were taken, of which over three thousand were Tibeto- Burmese, 
over two thousand Indo-European, and the rest Austric- speaking 
peoples. Bowles' survey is the most intensive yet undertaken in 
any part of India, and anthropologists ever3rwhere will eagerly await 
the results of their extensive research. 

Besides the investigations on selected tribes and oas^s men- 
tioned above, attempts at reconstruction of the racial history of 
India as a whole were also made by Frhr. von Eickstedt who led the 
German -Indian Expedition during 1926-29 for the Saxon State 
Museum of Ethnology of Leipzig. Eickstedt has published pre- 
liminary accounts of the results obtained by him during 
Expedition in several papers {Ethn. Am. 1, 1928; 2, 1929-30) 
from which it appears that he measured 3.000 persons belonging to 
various groups. Eickstedt's scheme of the stratification of races 
and cultures in India, which he put forward in 1933 (ZaU- 
Morphol. Anihr., 32), is the first serious attempt at recoMtruct- 
ing the racial history of this country since Sir Herbert Bisleys 
thirty years ago. Eickstedt considered that the population oi 
India is made up of three major groups : (I) The Weddid or W 
primitive Jungle folk consisting of a (a) Gondid or 
wavy haired race, and a (6) Malid or black-brown curly haired 
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race ; (II) The Melanida or the biack-brown progressive people 
of the Southern plains which ia again made up of a {a) Southern 
or Tamilid, and a (6) Northern Deccanid or Kolid races ; and 
lastly, (III) the progressive New Indian or the Indi<i group, 
divided into a (o) brown graceful, and a (6) coarse light browned 
North Indian types. Of these, the Melanid race is the oldest and 
is the ‘Indidised’ descendant of the Indo-N<«rid or the Eastern 
branch of the Great N^o race {op. cit., p. ; it may now 
best be described as belonging to the fringe of the Negrid and 
Europid races. Though no definite evidence is available, the 
flake cultures of the later Stone Age linked up with the Tumba 
Civilization of the Northern Congo area of Africa, may be associated 
with these Indo-Negrids, among whose descendants at tlie present 
day (but considerably Indidised) the 20 million Tamil people of the 
old Carnatic regions must be counted {op. cit, p. 96). The second 
stratum is formed by the Weddids, a people of the hunting tote* 
mistic stage, who by mixing with the Mclanids created the primitive 
Malid race. The thifd stratum is mad© up of the matriarchal 
plough -using Indids, who are a branch of the South Europid races 
and who dislodged the Weddids from the plains, followed by tho 
half nomadic warrior herdsmen who brought Aryan language and 
culture into India and form today the upper layer of the population. 
To these major racial strata may be added some minor waves 
such as those of the Pals-BIongolids, represented by the Mon-khmer 
people who entered from Indo*China during prehistoric times ; tho 
Turinids who came with the Huns and Turks from the time of 
Alexander’s invasion to 1000 A.D. and the Orientalids, whose 
entry synchronized with the Moslem invasion during the last 
thousand years. 

Eickstedt’s account has the merit of consistency, his recognition 
of a South Europid race as the basis, and of the * Oriental ' race 
as an element, of the Indian population are certainly improvements 
on Risley's classification. Similarly his criticism of Risley’s use 
of linguistic terms in a racial sense is entirely justified ; bat much 
of the force of this criticism is lost by his equating the Tamils with 
tho * Kolarian’ tribes {* Kolarian ^ though now obsolete, was certainly 
linguistic in origin). Nor is there enough evidence to justify his 
treatment of the Tamils as a separate racial entity distinct from the 
basic strain found among other Dravidian speaking groups. One 
cannot also consider them as the mixed survivors of an ancient 
Negroid race who lost their language by coming in contact with the 
Dravidian speaking Indids — when it is recalled that tlie most 
ancient form of the Dravidian language as also the traditions and 
beliefs of the people are best preserved in the Tamil language and 
* Sangam ’ literature, and the largest relics of the ancient Dravidian 
Civilization also occur in the Tamil land, viz., Aditanallur. There 
is likewise an absence of historical basts for the contention that the 
‘ West-Brachid * type is to be attributed to Hun and Turkish 
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intrusions, and the part assigned to this race is very minor as com* 
pared to the role it has played in the racial formation of the Indian 
population. 

A somewhat difierent reconstruction of the racial history of 
India was advanced by the author in the Ethnographical Volume 
of the Census of India (Cen^ua of India, 1, pt. Ill, 1935], based on 
the measurements of 4,000 persons taken in connection with the 
Census operations during 1930-33. The statistical analysis of the 
data disclosed, that the basis of the Indian population in general, 
as Eickstedt also recognized, was a short dolichocephalic strain with 
high head and moderately broad nose, over which had superimposed 
a bracbycephalic race of mostly piano-occipital type in Western 
and Eastern India, and a Proto-Kordic in North Western India; 
the advent of the latter synchronising with the invasion of the Vedic 
Aryans. In addition, the tribal groups revealed a definitely Negrito 
strain, now mostly submerged, and a Proto -Australoid element, 
which in combinations of various strengths, made up the aboriginal 
population, except in the sub -Himalayan regions and the hills of 
Assam and Burma where the Mongoloid races of both the long- 
headed and the broad -headed tj’pes formed the chief constituents 
of the population. Among minor strains the ' Oriental * race also 
certainly entered, specially in the North Western parts. Lastly an 
attempt was made to trace some of the racial strains present now- 
s’ days to prehistoric times, and thus a picture of the racial history 
of India was envisaged in broad outlines. 

(c) Racial Biology. 

Of the various subjects coming under this head, a beginni^ 
has been made of late in the investigation of the difference in 
blood group proportions, vital capacity, basal metabolism and the 
rate of growth in children. 

In blood grouping, L. and H. Hirzfeld are responsible for 
taking the first tests on Indians {Lanccl 2, p, 675. 1919). They 
examined blood samples of 1 ,000 Indian soldiers in Macedonia duri^ 
the War and found that the highest percentage of Group B (41 •2%) 
existed among them. Unfortunately the sample examined, was a 
heterogeneous one, composed of Gurkhas, Gharwalis. Jats and 
Kaiputs and we have no means of determining how the proportion 
of different blood groups were distributed among the different 
races constituting this sample. Similarly the investigations ol 
Bais and Verhoef (Compic^Rcndu de la ill* Sess de Vinci 
d'Antkr. Amcterdam, 1927) refer to Tamil coolies in the 
tea gardens who came from various parts of S. India and OcyJon 
and belonged to different castes and tribes. In R. H. Malone 
and 1^1 N Lahiri’s comprehensive survey on Indians the resuiM 
were shown separately for the Baluch. Pathan 
Chattri and the Bajputs, but in the samples of 2,3o7 JUixeu 
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Hindus * from the United Provinces, and 589 ‘ Dra vidian ’ Tea- 
Garden coolies of Chota Nagpur, people of different castes and 
tribes were lumped together, and the results, therefore, arc useless 
from the anthropological standpoint (Ind. Journ. Med. Rte.^ 16, pp. 
963-968, 1929). It is not surprising, therefore, that considerable 
differences are to be noticed in the relative percentages of ' O ’ and 
* B * in the two Uravidian samples of Bais and Verhoof, and Malone 
and Lahiri, which, though included under the common designation 
of ‘ Dravidian ’ are racially very different. The researches of V. 
Tigueiredo on 309 Christians and 200 Hindus of Portuguese India 
(Argv. Esc. Med^Cir., Nova Goe, A, 10, 1935), suffer from the same 
defect, as sect and race are not synonymous terms, and clearly 
bring out the danger of using linguistic and popular expressions in 
ethnical sense in blood group investigations, rortunately the need 
for carefully discriminating between different tribes and castes, 
and of separately recording the results are being increasingly reabsed, 
and in the work of da Silva Correia {op. eit., 1934) on 400 Karhattas 
and 100 Moslems {op. cit., 1937) the ethnic groups were kept strictly 
distinct. Similarly in S. K. Pandit*s investigations on the Todas 
{Ind. Journ^ Mtd. Eee.y 21, 1934), A. Cliaudhuri’s on West Bengal 
Kayasthas {Man in /ndia, 16, 1936), and A. Aiyappan*s on the 
primitive tribes of the Western Ghats {Current Science^ 4, 1936) 
the blood samples of eacli of the ethnic groups w*erc separately 
studied and recorded. Equally satisfactory has been the work of 
E. J. W. Macfarlane {Current Science » 4, 1936 ; A/an, 37, 1937 ; 
Joum. Roy, As. Soc. Bengaly N.S., 2, 193?) who is conducting a 
very careful survey of blood groupings among Indian population in 
which all ethnic groups and castes are being separately considered. 
Her researches include tests on the Nairs, Syrian Christians, Black 
Jews, Illuvas of the Cochin State, Nepalese and Tibetan Lepchas 
from Kalimpong and several Bengali castes of Southern Bengal. 

The results so far recorded in India do not justify any far^ 
reaching conclusions as the materials on ethnically separated groups 
are as yet very scanty, but nevertheless they are fraught with some 
interesting posaibiltties. The preponderance of B over A appears 
to be an essential Indian condition with the exception of Cochin and 
the tribal groups of Southern India, and is not met with anywhere 
except among the Gypsies of Hungary and the aboriginal tribes of 
Shansi (W. China). Of these two, the Gypsies are known to have 
migrated from Northern India and have kept themselves as a dis- 
tinct community. The highest percentages of Group B so far 
recorded from any part of the world, for separate groups occur among 
the cultivators of Lower Bengal, both Moslems and lower caste 
Hindus (40%), and among the Todas of the Nilgiri bills (38%). 
The frequencies of B {‘ q ’) in these, are 36 1, 28, 28-2, 27 2 and 30 
respectively. Compared with the lower castes, the upper castes 
(except in Cochin), on the other hand, show a decrease in the per- 
centage of B and an increase in the corresponding figure for O, 
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which is as high as that of Western Europeans. It is possible, 
therefore, that the locale of the origin of the mutation to B, occurs 
among the lower caste population of the Gangetic Delta or some- 
where in the Chota Nagpur plateau from where the basic strain 
among these people might probably have been recruited. One of 
the important tasks, consequently, in serological enquiries in India 
will be to ascertain the exact focus of origin of mutation to B. 

There are a few papers published on vital capacity, the earliest 
of which was by S. L. Bhatia (Ind. Med. Gaz., 64, p. 9, 1929) who 
found the average lung capacity of 100 Marathi students measured 
by Spirometer to be 3*091 litres. B. T. Krishnan and C. Varud 
{Ind. Journ. Med. Bes., 19 , p. 1165, 1931) found the same for 
South Indian males to be 2*86 litres, which are 73% and 67% re- 
spect ivel\' of the average for British and American men of the 
same height. A. N. Chatterjee’a work on 2,500 Bengali students 
between the ages of 15-22 showed the average vital capacity to be 
3*01 ±’501 litres or just about the same as that of tho Marathi 
students {First Studies on the Health and Qrotiih of the Ber^gali Students, 
1032). E. D. Mason {Trans. Eighth Congr. Far East Assoc. Trap. 
Med. Bangkok^ 1930 ; Ind. Journ. Med. Bes.y 2D, pp. 117-134, 1932) 
who did .similar work for women in South India, found the average 
of 853 subjects to be between 76 and 78 per cent, of the capacity for 
American women of the same height. Mason found that among 
the South Indian women, the Malayali showed a higher vital capacity 
than the Tamils and Telegus. She also calculated the surface area 
of the subjects whose vital capacity was taken, and found that the 
Vital capacity-surface- a tea -ind ex for South Indian women is con- 
siderably lower than that of American women, but similar to that 
recorded among Chinese women. It would appear, therefore, that 
low vital capacity is more of a physiological than a morphological 
or racial trait, but more representative samples in which the castes 
and tribes are carefully separated, are required before a definite 
conclusion can be reached. , . 

In basal metabolism the only investigation worth mentioning 
is that of E. D. Mason and F. G. Benedict (/nd. Journ. jl/ed. 19 , 
1931 ; Amtr. Journ. Phys. Anthro., 16 , 1932) on South Indian 
women students. Thev were found to have definitely low meta- 
bolism-being 17*4 p.c.‘ below the standards for American 
This low metabolism of South Indian women may not improbably 
be due to their lower protein intake, as compared to that of Amencan 


"'^'"investigations made by W. R. Aykroyd and K. KtijagoP*' 
iind Jovm. -Ved. 24, pp. 419-37. 193C), H. E. CJlson. 

B. Ahmed and 1). D. JHtra (i6id-. 24. pp. 817-37, 1937), and 

F J W Macfarlane (Current jScie ncc, 5. 1937), show that the height 

md weight of South Indian boys Jag behind those of American, 
British and Bengali boys at all ages, but the growth curves for all 
Indian communities show certain similarities, except for the cmns, 
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economic conditions are chosen. 

V. CVVTVRKL AUTHBOPOLOOY . 

(a) Aris and Crafts. 

Ill the general accounts of the tribes published, speciully of 
Assam, there is usually a well-written chapter on material cult«rc. 
Hutton and Mills’ descriptions of dwellings, dresses personal 
ornaments, domestic implemenU, weapons and m^es of transport 
of the different branches of the Naga tribes, are exhaustive. Boy s 
later works on the Birhors, Bhuinyas and Kharias also include some 
accounts of the material cultures of these tribes. Similarly m 
Man’s works on the Andamanese and the Nicobarcsc, there are 
excellent descriptions of the arts and ersfu of these peop o. Brown 
also devoted a chapter {op. tit., App. A) on the technical culture of 
the Andaman islanders and compared it with the cultures of other 
Negrito tribes like the Semangs and the Aetas of the Philippine 
Islands. By a careful study of the objects themselves he has come 
to the conclusion that the technical culture of the Great Aiulamans 
has unde^one more changes than that of the Little Andnmnns, 
but aside from the introduction of iron, there is no evidence tlmt the 
changes undergone have been due to outside influence. His conten- 
tion that the outrigger canoe was acquired from some alien race is 
not supported by J. Homell, who has shown in his monograph on 
Indian boats (ifem. As. Soc. Btngal, 7, 1920) that alike in the form 
of the canoe, multiple beams used and the float connection, the 
single outrigger canoe used by the Andamanese must be considered 
to be a primitive form of that used by the Queensland aborigines 
of Australia and quite unlike that of the Nicobareso or any other 
known type. The conclusion, therefore, seems to be irresistible 
that the primitive single outrigger canoe originated with the 
Andamanese and travelled from there to Australia. 

Marsbairs work on the Karens also contains an excellent account 
of the arts and crafts of this interesting people. 

Among individual items of interest, B. L. Chowdhuri published 
a short note on the Weighing Beam of Orissa commonly called 
* Bisadanga ’ {Joum. As. §oe. Benzol, 11 , 1915), and N. Anna nd ale 
on the Bismar Weighing Beam of the Darjeeling district (Joum. As. 
Soc. Bengal, 14 , 1918). There was a note on a musical instrument 
in the Shan States by H. S. Bao (Ifort in India, S, 1928}. Reference 
may also be made to H. Balfour’s tracing of the Naga hoe from 
bamboo field scrapers (Jfon, 17 , 1917), the account of the Ring 
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Gourd Hafting by F. J. Bichards {Man, 32. 1932) m which he 
showed that the holed- shaft principle in axe still survives in Southern 
India after the introduction of metals ; and that of D. H. Gordon 
32, 1932) on the composite type of bow used by the Huii 2 as 
of Gilgit, which was shown by H. Balfour {ibid., 32, 1932) to be 
related to the type found in Central Asia, the Bashkirs of Eastern 
Russia, and suggeste<l links with Persia. 

Interesting notes were published by S. Nicholson {Man, 20, 
1920) on the signiOcance of borders of 'Saris’ used by Southern 
Indian women and by G. D. Walker {Man, 27, 1927), on the bark* 
cloth manufactured by the Garos. Mention may also be made 
of the study of Nose Ornaments worn by Indian women by K, N. 
Chatterjce {J&itm. As. Soc. Bengal, 23, 1927) and on ornaments 
in general by R. Mukherjee {Man in India, 10, 1930) and K. R. 
Pisharoti {ibid., II, 1931). P. C. Basu made a detailed investigation 
of the Headdress of the hill tribes of Assam from specimens in the 
collection of the Indian Museum {Joum. As, Soc, Bengal, N.S., 25| 
1929), and N. Annandale was responsible for an excellent descrip- 
tion of the mural decorations in the huts of an Oriya village in the 
Samal Island on the northern shore of the Chilka Lake. The designs 
on the huts in this village were mostly drawn from plant and animal 
lives and appeared to be decorative rather than religious in purpose, 
though some, such as tbe double* fish and footprints, were evidently 
lucky signs {Mem. As. Boc. Bengal, 8, 1924). 

A short note was written by G. D. Walker on Indian Boomerangs 
{Journ. As. Boc. Bengal, N.S., 20, 1924). but a more critical and 
detailed study was published by J. Homeli {Jaurn. Bog. Anfhr. Inst., 
44, 1924), who in his comprehensive account of the Indian Boomer- 
angs, blow guns and cross-bows showed that the former was derived 
from the same source as the ancient Egyptian ones, but whether they 
had also a common origin with the Australian weapon cannot be 
determined. The cross-bows of tbe Malabar coast are considered to 
be of European origin, but about the blow guns, of which there are 
three types In India, the author regards tbe Malayali form, in which 
a kind of harpoon is used as the dart, to be derived from the more 
primitive form of plain reed tube and simple dart found among the 
Kadars of the Annamallais hills. The wooden blow gun of the 
eastern coasts of Tanjore and Ramnad is, however, link^ with the 
Indonesian weapon. 

There are a few short notes published on fishing traps, such as 
those of S. L. Hora in the Kaugra Valley {Journ. As. Soc. Bengal, 
NS, 22, 1926) and of B. N. Chopra in the Myitkyina district of 
Upper Burma {ibid., N.S., 25, 1920). The former is also responsible 
for a note on the crab-fishing in Lower Bengal [Cur^nt Scienu, 3, 
1935). For a comprehensive account of all the fishing methods of 
the (ranges we are indebted to J. Homeli {Mem. As. Soc. Ben^, 
8, 1924). Hornell consklered all the methods employed in both 
estuarine and lacustrine fisheries, and classified them into three 
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in divisions, trapping devices, angling and netting and Hoarded 


mam divisions, wappuijs 'AC* *vw, aoU 

as most elaborately devised, among which, with the sole 
exception of the ‘ China-net ’, now in use in Malabar and parts of 

Bengal and Assam, all the other devices , 3. 193 

Attention was drawn by J. H. Hutton {Man. 30, 1930 , 31 , 1 JJI ) 
to the similarity of chank ornaments worn by Haga women, specially 
^he A^^iaU the Konyaks, to those descnbed by from 

the Iron-Age dolmens at Odugattnr m tho North Arwt district o 
South India {Joum. Roy. Anthr. Inti., 54, 1924) and attributed i 
to a South Indian intrusion in the Naga hills, but the true 
tion of this resemblance was given eleven ye^ before in J. Kernel s 
monograph on Chank Bangle Industry {Mem. 

3 1913), in which he showed from reference to clwsical literature 
alid archeological finds that the industry now confined delusively 
to Bengal, was at one time widespread from Tinnevelly te Kathiawar 
and Gujrat through a long chain of factories m the Deccan. Iho 
fragments of chanka unearthed by him at Kayal {Iron-Age site) i 
the mouth of the Tamrapami river, bore unmistakable evidence 
of their being cut by the same thin-bladed iron sew as it is done 
to-day in Bengal, proving that the Chank industry had a common 
source of origin and probably connected with the Northern Indian 
Buddhist cult which considered the chank to be one of tho eight 
lucky signs and used as a sort of Talisman by Buddhist women in 
Tibet the Chittagong hills, etc. from where it must have infiltrated 
to the Naga, Khaal and the Garo hills. Its general use in Bengal 
must also Ik attributed to the same cause. 

B. Prashad published a short note on the Tigari {Journ. As. 
Soc. Bengal, 16, 1920) or the burnt earthenware coracle of Eastern 
* Bengal, but for the most detailed study of Indian boats wo are again 
indebted to J. HorneU. In the two monographs published on tho 
origins of the Indian Boat Designs, etc. {Mem. As. Soc. Bengal, 7, 
1920) and the Boats of the Ganges (Mem. As. Soc. Bengal, S, 1924), 
we have the most complete and comprehensive account of boats 
from any part of the world. From a critical and comparative 
analysis of the structure, shape and designs of Indian boats, HorneU 
came to the conclusion that they are of multiple origins. The 
primitive single outrigger canoe of the Andaman Islands is uidi- 
genous, but the more advanced type of Ceylon and Malabar coast 
19 Polynesian in origin. The double outr^ger on the other hand 
must have been intr(^uced from Indonesia via Ceylon by the Sbanars 
and Izhuvans, who probably also brought cocoanut with them. In 
the other ocean-going crafts, purely Arab designs prevail in the 
entire north- west coast from Cambay southwards to Bomb ay » 
from where local developments are noticed until in Malabar indi- 
genous types of crafts again predominate. In the Tinnevelly 
district and along the entire eastern coast up to Orissa the Cata- 
maran is the characteristic cr^t, derived from the Tamil word 
* Kathemaram ' or tied logs. From the simple raft of logs to the 
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most elaborately developed ' Kolamaran * or flying fish Catamaran 
on the Coromandel coast, Catamaran is the original South Indian 
craft and nowhere else has the raft idea evolved so much. 

As far as the river crafts are concerned, they are strikingly and 
fundamentally similar in construction and design to those of 
ancient Egypt. Both the Indian and Egyptian types of crafts are 
similarly high stemed and low prowed and are steered by a single 
paddle. The Egyptian square sail, as well as the quarter steering 
paddle, are still retained in the large cargo boats on the Ganges 
and the use of the ' oculua * is exactly the same. Such similarities 
cannot be accidental or due to parallel developments but must have 
been introduced in India from Egypt by immigrants who also 
brought the wicker coracle and reed tbSi from ancient Mesopotamia. 

(6) Social IiutilutioM. 

Reference has already been made to the mass of information, 
and in the works of Hutton, Mills and Roy, to the very detailed 
descriptions of customs and beliefs contained in the glossaries and 
monographs published on castes and tribes of India. In this section, 
only works on individual institutions, analyses of culture and general 
problems connected with acculturation and growth of culture are 
to be considered. 

A considerable amount of investigation has taken place and a 
large number of papers published on social traits of the various 
tribes and castes of India, which supplied either new information 
or corrected and amplifled accounts previously written. Among the 
latter may be mentioned the late L. K. Ananthakrishna lyer^a com* 
parative study of the marriage customs of the Cochin State {Joum. 
As. Soc. Bengal, 10, 1914) ; K. M. Panikkar*8 account of Nayar 
customs {Joum. Boy. Anth. Insi., 4S, 1918); K. C. Virarag^vas 
paper on the variations in the customs of the Telegus and Tamils 
{Journ. As. Soc. Bengal, N.S.. 19, 1923), and G. Slater’s analysis 
of the Dravidian element in Indian culture (The Dravidtan Elemw 
in Indian Culture, 1924). Mention may also be made in this 
connection of K. P. Chattopadhya’s attempt to deduce from 
of coins and inscriptions {Joum. As. Soc. Bengal, N.S., 23, 1927) 
the existence of mother-right and cross-cousin marriage among the 
Satakarni and Sunga ruling families of Southern India. Other 
papers deserving mention are K. Govinda Jlenon’s account of the 
customs of the Kadars of the Ck>chin hills {Census of indto, 21. I, 
1933) G Ahmed Khan’s study of the Chenchus of the Hyderabad 
State of India, 23. 1, 1933). and L. A. K. Iyer’s descnption 

of the customs of the primitive tribes of Travancore {Pr. Ind. 

4 1036). There is also an interesting note by E. H. Hunt (Man, 
32 1932), on the Rafai Fakeers of Hyderabad. The most note- 
worthy contribution, however, is il. B. Emeneau’s 
on marriage regulation.s and taboos of the Todas of the XJUgm 
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hills (Amer. Anlhr., 39. 1937), in which he '"'“I® 

corrections in the well-known account given by Kivers {The Todm. 

Central Indian tribes, mention may be made of !>• N- 
Mftiumdar’s investigations on the social and religious customs ot the 
Hos of Kalhan {Man in India, 4, 1924 ; Jovrn. Aa. Sx. Bengal. 
20 1924 ; 22, 1920 ; and 23, 1927), and B. K. Chatterjee a accounts 
of the marriage ceremonies of the Bathurias of Mayurblianj yuan 
in India, 9, 1929) and the social institutions of the Kharias (Journ. 
Aa. Soc. Bengal. 26, 1931). T. C. Das also publish^ a study oi the 
customs of the Kharias of Dalbhum (Anthr. Pap. Cal. 

1931) but for the most detailed and complete account of the Khuna 
institutions reference must be made to S. C. Roy's treatise on the 
Kharias already mentioned. S. S. Sarkar has published several 
papers on the customs of the Malers of the Rajmahal hills {Man 
in India, 13. 1933 ; 14, 1934 and 15, 1935) ; N. Basil is responsible 
for a detailed account of the spring festivals of the hlundas 
As. Soc. Bengal, 30, 1924), and K. Mitra has given a careful survey 
of the marriage customs of Bihar {Journ. As. Soc. Bengal, 23, 1927), 
W. V. Grigsoo’s investigations of the Marias and other related 
tribes of the Bastar State {Census of India, 12, 1. 1933) brought to 
light many interesting facts about these little known tribes of the 
Central ftovinccs, Similarly. C. S. Venkatachar’s detailed descrip* 
tion of the customs of the Bhils {Census of India, 20, 1, 1933) of 
Central India supplied a mass of information hitherto unknown. 

D. N. Majumdar has tried to interpret the data on the social 
institutions of the Korwas of the United Provinces according to the 
method of Malinowski {Man in India, 9. 1929 ; 10, 1930). and K. P. 
Cbaitopadbya has made an attempt to analyse the culture of the 
Newars of Nepal. The latter's Investigations would tend to show 
tho existence of a primitive hoe culture with terraced cultivation 
among the Newars, on which were subsequently added plough 
cultivation and the knowledge of the working of iron {J<nim. As. 
Soc. Bengal, 19. 1923). Other papers that deserve mention are 
P. C. Basu'a account of the social and religious institutions of the 
Chakmas of the Chittagong hill tracts (Joum. As. Soe. Bengal, 27, 
1931) and T. C. Das’ analysis of the culture-comples centering 
round the use of fish in Bengal {Man in iTtdia, II, 1931 ; 12, 1032). 

On the customs of the Assamese tribal groups, several important 
papers have been published by B. Bonnerjea on the Garos (A A ropes, 
30, 1935 ; 31, 1936), and by J. H. Grace, A. H. Fletcher and J. P. 
Mills on the hill Katebaris, the Kukis and the Nagas respectively 
{Census of India, 3, 1932). J. K. Bose’s analysis of the Nokrom 
^atem of the Garos {Man, 36. 1936) is also a valuable contribution. 
The most intensive investigations on the culture of a specified area, 
so far attempted in India, have undoubtedly been those of J. H. 
Hutton in the Naga hills. In a series of papers published {Man 
%n India, 4, 1924 ; Joum. Bog. AniA. Inst., 2S, 1928 ; and Man in 
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India ^ 11, 1931), Hutton has demonstrated the close affinities of 
the Naga culture and that of the Oceanian islands, in the worship 
of the baetylic stones, erection of stone monuments, the metboi^ 
of the disposal of the dead and ideaa of a future world and future 
life. In a recent paper he has carried these investigations further 
and suggested that the culture -strata of Assam hOls, consisting of 
an Oceanic canoe- culture, a mat ri lineal megalithic culture and the 
more recent patrilineal culture of the Kayan and the Kuki, are 
best explained as due to ' migrations of cultures, if not of people, 
from some centre in or near the Indian Archipelago, one of wMcb 
terminated in Assam ’ (Pres. Add. Br. Asm. Stc. H., Sep. 1937), 

The segmenting of Society into many endogamous groups 
or castes being the most striking feature of the social organization 
in India has naturally received the greatest attention. Most of the 
writers after Risley contented themselves with amplifying, and in 
filling in details of his theories rather than approaching the problem 
from a new standpoint. Such was done by B. N. Datta in his 
'Das Indische Kasten system^ (Anthrapos,^ 22, 1927). Similarly 
G. S. Ghuriye {Castt and Pace in India, 1931) agrees with Risley ’s 
view that the origin of the caste system is racial differentiation hut 
emphasises the subsequent priestly manipulation of Brahmins in 
trying to preserve the purity of the ‘ Aryan * race. H. Rao [Indian 
Casfe System, 1931) and N. K. Dutt also {Origin and Growth of Caste 
in India, 1931) accept, in the main, the views of Risley, though 
attaching some weight to the Code of Manu. 

E. A. H. Blunt {The Caste System of Norihem India, 1031) is 
however more inclined to accept Senart’s theory of the original 
tripartite class divisions among the ' Aryans *, and considers that 
caste developed in India as a result of miscegenation owing to 
shortage of women among the Aryan invaders. 

R. Chanda (op. cit., 1916) took up a somewhat different line 
and attempted to show from reference to Vedic literature, that 
while racial discrimination was the basis of caste, the discrimination 
was not so much between the Vedic Aryans and indigenes, as that 
existing between the blond Northerners forming the priestly, and 
the dark Mediterraneans forming the secular classes, within the 
Vedic Aryans themselves, as evident from constant reference to 
class wars between the priestly and military classes in Vedic litera- 
ture, and the absence of intermarriage between the Brahmin and 
other sections of the Aryans. There is not enough evidence, how- 
ever, to justify the assumption of a separate racial origin for the 
Brahmins, and in any case the ban on coramensality is not explained, 
which along with the taboo on intermarriage, are the two essential 
features of the Indian caste system, and differentiate it from class 
divisions and guild systems found among several other ancient 
Indo-European peoples. 

S. Rice {Asiatic Bevieic, 25, 1929) developing Oldenburg s su^ 
gestion, that the taboo on commensality was pre-Arj’an, attempted 
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to explain that the IndUn caste system was essentially pre. and 
non-Aryan in origin. B. Bonnerjca (ItuI. Antiquary, 60, 
while criticising Kice for his theory of the pre* Aryan origins ot t he 
caste system, agreed that the taboo on interdining was duo to 
primitive superstition and magic. J. H. Hutton attempted a more 
comprehensive treatment {Cens^ts of lyidia, 1, 1933) of the subject 
and explained that the sentiments and beliefs which lay ut the basis 
of caste were traceable to the belief in ‘ Mana ' on the commensal 
taboo and segregation found among the Proto* Australoid and Aust ro» 
Asiatic population of India, and which became effective ns a insult 
of contact with the Dra vidian speaking peoples. In his opinion, 
therefore, though the development of caste was post -Aryan in 
which ‘ Varna ’ assuredly played an important part in crystallising 
and perpetuating the institution, the essential ingredients which 
made the development of caste in its present form poasihlc were 
undoubtedly pre -Aryan. Hutton's views are criticised by S. C. 
Roy (Man in India, 14, 1934) who considers that evidence from the 
Austro- Asiatic people of Centra) India does not lend support to hia 
views and the concept of ^ mana ’ as found among these tribes is not 
the same as that existing in Hindu society. K. P. Chattopadbya 
(J<yum. A^. Soc. Bengal, N.S., 32, 1036) also deals at length with 
the origin and growth of the caste system and the different theories 
that try to explain it. He considers that caate endogamy, cas^c 
hierarchy, as well as the ban on eommensality did not develop in 
pre-Vedic India and thinks that Hutton's explanation of the basis 
of caste segregation in ‘ Mana * is negatived by hia own admission 
that among the Kaga tribes there is no bar on eommensality and 
intermarriage with strangers who may not, however, ply their craft 
in the village. Hia conclusion seems to be that the caste structure 
arose as the result of hostile contact of two or more cultured races 
as they settled down among the primitive aboriginal population of 
India. 

The position of the son, resulting from the various forms of 
marriage recognized in ancient Hindu society and its effect on 
kinship terms were discussed by K. P. Cbattopadhya (Man, 22, 

1922) , H. A. Rose 22, 1922) and K. C. Sen Gupta (ibid., 

24, 1924). 

Regulations affecting marriage and the analysis of Indian social 
organization were the subjects of an important contribution by 
F. J. Richards (Man, 14, 1914) who held that marriage with mother’s 
brother’s daughter in Southern India, was the outcome of a com- 
promise as a result of economic forces between Marumakkathayam, 
and Makkathayam superposed by the Aryan invaders, in which the 
essential features of matri lineal inheritance were preserved under 
patrilineal forms. G. S. Ghuriye (Joum. Roy. Antkr. 53, 

1923) , dealing comprehensively with the data bearing on cross* 
cousin marriage with the exception of Assam, however, doubts the 
validity of Richard's explanation, as marriage with the mother’s 
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brother’s daughter occurs among the Nayars who followed the 
Manimakkathayam system. From the presence of cross-cousin 
marriage he inferred that dual organization must also have been 
prevalent in Southern India at one time. This was questioned by 
K, P. Chattopadhya in one* of the most suggestive and interesting 
papers on social organization {Pres. Add., Antkr. Sec.,Ind. Sc. Congr., 
1931), who showed from ita absence in hlelanesian islands that cross- 
cousin marriage need not necessarily be associated with the dual 
form of society when that resulted from the migration of a more 
cultured race into an isolated area inhabited by a people of inferior 
culture. The various types of kin-marriage and rules of inheritance 
resulting from the contact of different groups of father- and mother- 
right peoples in various parts of the world were reviewed and he 
showed how economic forces in conjunction with social and sexual 
requirements tended to make certain forms of marriage more fre- 
quent than others. The effects of the rules of incest were not 
merely permissive as Mrs. Seligman (Joum. Roy, Anihr. Insi., 
57, 1927 ; 58, 1928) tried to show, but rather compulsive with 
certain forms of marriage. Attention may in this connection be 
drawn to the views of T. C. Hodson {Man in India, 1, 1921) who 
considered that the exogamic form of society best served to deter- 
mine the place of children in society by regarding those bom of 
marriage as a recognized institution, as reincarnations of the 
deceased members of the group, while those resulting from in- 
cestuous unions as not so. The explanation put forward by K. P. 
Chattopadhya of the origin of the dual and tri-clan organizations 
was somewhat different from that of J. H. Hutton {Censas of India, 
3, 1, 1021) who held that in migrations of peoples, two ezogamous 
clans usually went together to facilitate marriage and tri -partite 
divisions resulted from intrusion of a third group who come generally 
as conquerors. 

(c) Games, Foikhre and Religion, 

Accounts of different forms of sedentary games have been 
published from time to time among others by H. C. Das Gupta» 
J. M. Datta and S. L. Hora. Das Gupta who has been responsible 
for the largest amount of work in this line {Joum. As. Soc. Bengal, 
N.S., 19, 1923 ; 20. 1924 ; 22. 1926 ; 23, 1927 ; 26. 1930 ; 27, 103^ 
showed from a comparative study of these games that in their 
migrations to different places they had undergone some local 
variations but in essential features remained unchanged though 
known under different names. J. hi. Datta described mostly the 
sedentary games prevalent in Bengal {Joum. As. Soc. Bengal, 29, 
1933 ; 30, 1934 ; 32. 1936), while S. L. Hora recorded some ot 
those current in the Teesta Valley {Joum. As. Soc. Bengal, 29, 
1933). The latter also supported Das Gupta in his view that the 
game of ‘ Gol-ekuish * of the Central Provinces was a variant ol 
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‘ Pretoa ^ of Bihar (Joum. As. Soe. Ben^l, 27, 1931}. J. Horncll 
is responsible for a detailed description of string figures of Gujrat 
and Kathiawar {Mem. As. Soc. Bengal. 11, 4, ^nd bcvcwl 

papers have been published on Riddles by R. N. Jilurishi. S. S. 
Mehta, J. H. Knowles and S. C. Mitra {Journ. As. Soc. Bengal. Id, 

1917) 

The monographs published on the diflfercnt tribes an«l castes 
of India contain a large number of folk-tales and songs. Outsnic 
these J J Modi was responsible for publishing several {Anthropo- 
logic^ Papers 1-4, 1916-26) and S. C. Mitra for over a luindred : 
folk.tales of which a few onlv. connected with Hydrophobia and 
Scorpion Sting {Journ. As. Soc. Bengal. U, 1915), Transference of 
Disease {Joum. As. Soc. Bengal, 13. 1917). Agricultural Deities, 
Plant hore, etc. (Joum. As. Soc. Bengal. N.S., 30. 1934) may be 
mentioned here. P. H. Malyon {Mem. As. Soc. Bengal. 3. 1914) 
collected the folk -tales of the Pushtu speaking peoples of the North* 
Western Provinces, and W. McCulloch (Bewgoh' Household Tales, 
1912) published a large number of household tales from the rural 
districU of Bengal. D. C. Sen {The Folk Literature of Bengal, 1920) 
showed how the folklore current in Bengal closely resemble those 
of Europe, and suggested that these probably migrated from India 
during the early Buddhistic times. The same author is responsible 
for publishing the rural tales collected by C. K, Do by years of 
strenuous labours in the interior of the Mymonsingh district 
{Mgmensingh Ballads, 1 - 4 , 1023-27). J. N. Gupta has also published 
a large number of children’s tales from different parts of Bengal 
{SUhu Bkarali, 1-8, 1933-37). Mrs. Rafy {Folk-tates of J( hosts, 
1020) has written on the folk* tales of the Khasis and J. P. >0113 on 
those of the Lbota Kasas (Joum. As. Soc. Bengal, 23, 1927), 
R. E. Enthoven {The of Bombay. 1924) has recorded the 

folk beliefs and practices of the Bombay Presidency and C. De 
Beauvoir Stocks (Jovm. As. Soc. Bengal, 21, 1925) has investigated 
the folklore of the Lepchas of Sikkim and has published their 
myths of creation, Zoological myths and the myths concerned with 
the deeds of heroes, etc. 

N. Tripathi (if an in India, 15 , 1935 ; 16 , 1936) has published 
an account of the Osas of Orissa. D. N. Majumdar has recorded 
some of the folk songs of the Hos {Joum, As. Soc. Bengal, 23, 
1927), N. Chakra varti a V'rata Story of Bengal (Joum. As. Soc. 
Bengal, 26, 1930), 0. von Furer-Haimendorf and J. P. Mills have 
given a very complete account of the significance of the sacred 
founder’s kin among the Eastern Angami Nagaa {Anthropos, 
36, 1936) and M. B. Emeneau (Proc. Amer. Philospk. Soe., 77, 
1937) is responsible for an excellent review of Toda songs. 

The most important study, however, on folk literature is that 
of P. O Bodding, whose three volumes on the Folk -tales of the 
Santals (1925-29) contain the most detailed and exhaustive accounts 
of myths and legends current among any Indian tribe. 
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On Magic and Witchcraft also a large number of papers has 
been published by S. C. Mitra {Joum. As. Soe. Bengal, 16, 1916) 
and J. J. Modi {op. cU., 1916-27). S. L. Hora {Joum. As. Soc. 
Bengal, 22, 1926) has described how goats are employed in Central 
Provinces to drive out diseases. S. C. Ray (Joum. Roy. Anth. 
Inst., 44. 1914) has published a general account of Magic and 
Witchcraft of the Chota Nagpur plateau, while P. 0. Bedding’s 
{Mem. As. Soc. Bengal, 10, 1925—27) studies deal more exhaustively 
with the practices of the Santals. 

Accounts of the religious rites and beliefs of different tribes 
have been published in the monographs on these tribes and in 
current periodicals, such as the Journals of the Asiatic (now Royal) 
Society of Bengal, the Bombay Anthropological Society and Man 
in India, etc. Of the latter, J. J. Modi’s studies of the Tibetan 
Prayer Wheel, (op. eit., 1916) and Funeral Ceremonies of the Parsis 
{Asiatic Papers, 3, 1927) deserve special mention. Mention may 
also be made of D. N. Majumdar’s investigations on the death rites 
of the Hos of Kolhan {Joum. As. Soc. Bengal, 23, 1927); S. C. 
Mitra *a note on the worship of the Deity Jalpeshvara in North 
Bengal (Joum. As. Soc. Bengal, 27, 1931) ; S. L. Hora’s accounts of 
the worship and propitiation of wild animals and the Deities of Ola, 
Jhola and Bon Bibi in Lower Bengal (Joum. As, Soc. Bengal, 29, 
1933) and C. J. Bonnington’s comparisons of the Ossuary Practices 
of the Nicobar islands with those current in ^e Naga Hills and 
Melanesia (Man, 32, 1932). K. P. Chattopadhya has described the 
Chadak or the Hookswinging festival and its variants in different 
parts of Bengal {Joum. As. Soc. Bengal, 31, 1935) and P. R. 
Rahmann is responsible for a careful study of the religious rites of 
the primitive people of the Central Indian highlands (Anihropos, 
31. 1936). 

The rules regarding the Hindu ritual of the disposal of the 
dead as laid down in the Satapatha Brahmana have been explained 
in a very suggestive paper by M. Levin (Man, 30, 1930). According 
to her interpretations the texts clearly imply the mumm 16 cation of 
the body before its cremation, signifying that the body has to be 
first restored by mummification and then revitalized by fire. 

As in social institutions, the most significant contributions in 
the analysis of Indian religious practices however are those of 
J, H. Hutton. In a series of papers on the religious beliefs m the 
Naga Hills (Journ. Boy. Anihr. Insi,b2, 1922 ; 56, 1926 ; 58, 1928) he 
has shown that the idea underlying them is the fertilising power of 
the soul -mat ter, whose removal by decapitation is regarded as the 
surest means of ensuring a good harvest. This hypothesis was 
furtlior developed by him (Census of India, 1, 1933) and the associa- 
tion of the soul-matter with human sacrifice, ceremonial cannibalism, 
niegalithic monument, Pretyasila, phallicism, reincarnation and 
totemism was demonstrated. In his opinion the doctrine of lifs- 
essence, which underlies not only the tribal religions, but, as shown 
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from the manifold survivals in Hinduism was the real rebgion of 
the people. BeUef in Hagiolatry among the common masses m 
EuroM, specially of the Southern and Eastern parts, is traceable to 
the sauie mderlying philosophy, which must be considered a.s a 
very early step in the evolution of man’s religions beliets. 


VI. Conclusion. 

From the foregoing review of the progress made in different 
branches of Anthropology, it wiU appear that the most important 
works in Cultural Anthropology during this period are : (i) the 
detailed studies of J- Horned on Indian technology, specially the 
origins and designs of Indian river, and sea-going crafts, (ii) the 
intensive researches of J. H. Hutton and J. F. Mills on the stratifica- 
tion of the cultures of the Naga Hills, (iii) P. 0. Bodding^s studies 
in Santal Medicine and Superstitions, (iv) S. C. Roy's investigations 
on the social organizations of the Austric-speaking peoples of the 
Central Indian highlands, and (v) K. P. Chattopadhya's analysis 
of marriage regulations as affected by contsict of peoples. 

In Prehistoric Archeology Sir John Marshall's great work on 
Mohenjo-daro is easily the most outstanding and its effects on 
existing ideas of the origins of Civilisation have been far-reaching. 
H. de Terra's survey of the Stone Age cultures of North-Western 
India has been equally important, as it laid for the first time a 
scientific foundation for our knowledge of the lithio industries and 
their sequences in this country. 

In Physical Anthropology, R. B. Seymour Sewell and the 
author are responsible for publishing the first scientific account of 
the physical characters of India's prehistoric inhabitants. Reference 
may also be made to Joyce's analysis of Stein's data on the Frontier 
tril^, Biasutti's comprehensive treatment of the measurements 
taken by Baioelli in the Upper Indus Valleys and da Silva Correia’s 
studies in Portuguese India. Frhr. von Eickstedt has furnished 
several new ideas on Indian racial origins, while the author's 
detailed studies on the racial affinities of the peoples of this country 
have made it possible to give a connected account of the racial 
history of India. 
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Intboduotion, 

Psychology is the youngest of the sciences. In human affairs 
the objective world has all along received preference and that is 
why the objective groups of sciences have been the first to develop. 
Psychological truth can only be discovered through introspection, 
but to the normal mind an introspective tendency seems to be an 
undesirable trait. That is the reason why psychology has been 
so late in entering the domain of sciences. 

Wundt first realized the importance of studying mental states 
under special experimental conditions as a separate science. When 
he was appointed to the chair of Philosophy in the University of 
Leipzig he devoted his attention to the fitting up of a laboratory 
for studying mental states. This, the first psychological laboratory 
in the world, was established in 1875. Wundt attracted to himself 
brilliant students from all over Europe and America, and soon 
psychological laboratories sprang up in different countries. 

It took more than thirty years for this new psychological 
movement to reach India. In 1905 Sir Asutosb Mookerji included 
psychology as an independent subject in the post*graduate classes. 
Dr (now Sir) Brojendra Nath Seal after consulting the courses 
of studies of different universities in Europe and America, drew 
up a syllabus in Experimental Psychology for the University 

of Calcutta. ^ 

The psychological laboratory m Calcutta was started m 
and Dr. N^. K • Sengupta who bad worked under Prof. Munsterbeig 
in Harvard was placed in charge. Students trained in the Calcutta 
laboratory have been instrumental in spreading the new psycho- 
logical movement throughout India. The University of Calcutta 

( 336 ) 
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opened its post-graduate classes in psychology in 1916 and Us 
undergraduate classes in 1920. The Dacca laboratory under the 
charge of Mr. H. D. Bhattacharyya was started in 1921. Tlio 
Mysore laboratory was started in 1924 under tlie guidance of 
Dr. M. V. Gopalaswami who had his training under Prof, Spearman 
in London- The Universities of Lahore, Patna, Lucknow anti 
Benares followed suit and fitted up psychological laboratories. 

Since its inception the psychological movement has been 
making a steady headway in India. In 1925 
Psycbologicat Indian Science Congress started a separate 
Psychological Section which has grown to be 
very popular. In the same year the Indian 
Philosophical Congress was started with psychology as ono of its 
sections. 

The Indian Psycholt^ical Association with its membership 
extending all over India was started in 1925, and in 1926 the Indion 
Journal of Psychology made its appearance as the official organ 
of the Association. 

The Indian Psychoanalytical Society, an all -India society 
affiliated to the International Psychoanalytical Association, was 
started in 1922. It has done valuable work in training psyclio* 
analysts and In popularizing psychoanalysis. 

Another psychological movement of a popular nature has been 
started since 1928 under the auspices of the Indian Association 
for Mental Hygiene. The Mental Hygiene Aasociation runs a 
Clinic at the Carmichael Medical College and Hospital, Calcutta. In 
1935 a Child and Youth Guidance Clinic was started at the F.C. 
College, Lahore, Quite recently a psychological clinic has been 
opened by Dr. B. C. Ghosh at the National Medical Institute, 
Calcutta, and another by Mr. U . 8 . G heba in New Delhi . A Parents' 
League has been started at Udaipur. Bajputana, recently. 

In 1933 a Home for feeble-minded children was opened at 
Jhargram under the name of BodhaTia. Since then it has shifted 
to Belgharia near Calcutta. There is another Home for feeble* 
minded European children at Kalimpong. 

Efforts have been made and are still being continued by 
different workers to popularize psychology in India by means of 
public lectures, radio talks, popular articles, study classes, etc. 

The University of Calcutta has the biggest laboratory in 
Experimental Psychology in India. In the 
B.A., B.Sc. and B.T. courses psychology forms 
one of the subjects and in the M.A. and M.Sc. 
courses psychology is an independent subject. 
Efforts are being made to include psychology 
in the I. A. and I.Sc. courses. 

Id the University of Dacca there is a well-equipped laboratory. 
Psychology forms a subject in BA. (Honours) and M.A. philosophy 
papers. 


The present 
position of psy* 
chology In the 
different univer- 
sities 
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The University of Mysore has a fairly Tvell-equipped laboratory. 
The University undertakes to teach the different branches of 
psychology in B.A., B.T. and M.A. courses. The new M.A. degree 
course in psychology is purely by research. The Mysore laboratory 
has been concerned chiedy with higher thought processes and the 
application of psychology to education. 

In the University of the Punjab there is no separate department 
of psychology but psychology can be offered as a subject for 
the B.A. Honours degree. An M.A. degree can also be obtained in 
psychology after the Honours degree. Instruction is provided in 
a class conducted jointly by the Forman Christian College and the 
Government College, Lahore. The practical course is conducted at 
the Government College laboratory which is fairly well .equipped. 

In Patna a laboratory has already been in existence since 
1920 at the B.N. College. In the University of Patna there is no 
separate provision for a degree in psychology. Psychology is 
studied along with philosophy. A laboratory on a modest scale was 
started at the Patna College in 1935. The laboratory does not get 
any regular recurrent grant. Recently another laboratory has been 
started at the G.B.B. College, Muzaffarpore. 

In the University of Delhi a separate paper in psychology 
has been prescribed for all the different examinations from the 
Intermediate to the M.A. There is however no separate depart- 
ment of psychology in this University ; neither there is any 
laboratory. 

Proposals are on foot to start a psychological laboratory 
in tho University of Aligarh. 

In the rest of the universities of India psychology forms a 
part of the course in philosophy and as yet has no independent 
existence. 


II. Main lines of psychological research in ineia. 

As in the West, so in India also, psychological research has 
flowed into certain more or less well-defined channels, In ^dia 
there are workers in General Psychology, Educational Psychology, 
Social Psychology, Child Psychology, Abnormal Psychology, 
Industrial Psychology and Religious Psychology. When it is 
remembered that in most of the educational centres m India l^ho*^' 
tory faculties are non-existent it is not to be wondered that the buUc 
of published papers refer to problems of a general and theoretical 
nature. A fair amount of first rate work has been done on tne 
theoretical aspects of psychology on problems relating to conscious- 
ness, wish, emotion, instincts and allied themes. 

Experiments requiring the use of apparatuses have been 
undertaken mostly bv the department oi 
Apparatus psycholc^v, Calcutta University. Next come the 
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Universities of Mysore and Dacca. At tbe B.N. College, Patna, 
under the able guidance of Principal D. N. Sen (now retired) some 
fine experimental work has been conducted witli locally improvised 

apparatus. , . . . ^ « 

A number of new apparaiu4U have boon devised by G. liose at 
the laboratory of psychology in Calcutta. The sand motor (3o) has 
been utilized for the first time in the Calcutta laboratory to drive 
memory apparatus. An exposure api^aratus with an original type 
of electrical escapement has been made. The instrument is suitable 
both for demonstration work and for research. An crgograpli for 
recording movements of big muscles has been constructed. M. V. 
Gopalaswami and Gangadharan (69) have con8tructc<l an improved 
type of choice reaction apparatus. K. C. Mukherji (111) has 
devised an aesthesiometer having certain special advantages. 

Educational psychology has been very popular and has claimed 
the attention of a large number of tcaclicrs 
W orke rs and ^ psychologists. Since t he in trod uct ion of the 

cen res o wor Bachelors’ Training Course scientific interest 
in educational problems amongst teachers has been growing und a 
number of workers in this line come from the teaclung profession. 
There arc also professional psychologists attached to the different 
universities who are engaged In educational problems. Intelligence 
tests have appealed to the imagination of many and the output 
has been voluminous. A proper standardization of mental testa 
adapted to local conditions remains however as yet unachieved. 
Allahabad, Dacca, Calcutta, Lahore, Bombay, Madras, nnd Benares 
have all been V 3 dng with one another in devising and adapting 
intelligence tests. 

A few of tbe lady teachers have done some work in child 
psychology as distinguished from educational psychology. The 
former subject has received a good deal of attention from workers 
in Bengal. Problems in mental deficiency have been claiming 
their special attention recently. 

Most of the work in abnormal psychology has been done in 
Calcutta and at tbe mental hospitals at Ranchi. Investigations in 
this line have entirely been carried on by practising alienists. 

Study In social psychology has been the favourite subject 
of the University professors at Lucknow, and much valuable work 
has been done on this subject. 

Within recent years attention of the workers in India has 
been drawn to the great importance of industrial psychology. 
A good beginning has been made in Calcutta and actual field work 
has been undertaken with very encouraging results. 

Vocational tests and guidance have also claimed attention 
of psychologists in Oilcutta and other parts of India. The progress 
as yet is not marked. Criminal psychology has been studied to 
some extent in Calcutta and Mysore. Only a beginning has been 
made in this line. 
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Not much work has bean done in animal and physiological 
psychology as yet in any part of India. Psychology of art and 
literature and psychology of religion have certain capable workers 
but the output has been rather small. 

III. Specific Problems. 

Having given a brief summary of the main lines of psychological 
research in India we are now in a position to 
choioa* ^ greater detail with specific problems, 

tlon,^ Instinct. scope of psychology have been 

Consciousness reviewed and sought to be defined by N. N. 

Sengupta (143), H. D. Bhattachar 37 a (30), G. 
Bose (33), M. N. Banerji (4), H. P. Maiti (87) and A. Datta (51). 
Relation of psychology to other sciences has been discussed 
by A. S. Woodbume (152) and M. West (150). Some of the 
general problems of psychol<^y have received original inferpreta- 
tion by Indian workers. The problem of emotion has been 
discussed by S. C. Mitra (98) from a new angle. According 
to him feeling constitutes the essence of mind. Every mind is 
a store of energy and minds differ from one another in their poten* 
tialities. The original fundamental feeling of mind is the feeling 
of harmony. Unpleasantness is the experience of harmony dis* 
turbed and therefore is later in its genesis than pleasantness. The 
yearning to go back to the original state of harmony is the death 
instinct and that to maintain it is the sex instinct. This funda- 
mental yearning remains as an unconscious drive. The phenomena 
of instinctive behaviour have been studied by K. 0. Mukherji (110). 
S. C. Mitra (101). N. S. N. Sastri (137). A. S. Woodbume (153) 
and others. A new theory of perception has been put forth by J. K. 
8arkar (132). It is based on the idea of ' depression and r^ease ' 
and is an attempt to bridge the gulf between consciousness and 
unconsciousness. B. C. Ghosh (60), J. Prosad (126), H. P. Maiti 
(94), and S. Jalota (73) have attempted to explain the different 
aspects of the conscious and (he unconscious mental processes. 
Indra Sen (139) has discussed the concept of self in an interesting 
manner. H. D. Bbattacharyya (31) has offered an explanation 
of personal identity. S. K. Bose (45) has attempted, from the result 
of his experimental and introspective studies, to demonstrate the 
affective basis and continuous character of the sensopf qualities. 

Problems of errors and illusions in the domain of perception 
have received considerable attention from 
Illusions. Per- workers. G. Bose (34) has tried to show 

cep ns. deep introspection perceptions tend to 

lose their characteristics. Their localisation and specific qualities 
fuse with one another in an undescribable whole. He has also 
developed a new theory of illusions. According to him peaoeptiODS 
are determined by latent wish factors. The wish underlying a 
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DetceBtion deU^nnines the action-attitude attached to th© per- 
Option Unconscious action -attitudes resulting from repression 
affect perception and distort their true nature so that illusions 
arise. S. Jalota (74) has discussed tho problem of error from a 
psychologist’s point of view. Different problems in connection with 
the perception of Jorm and distant have ©xpenmcntally 

studied by N. N. SengupU and S. K. Bose (14o), S. 

M. Ganguli (58), and S. K. Bose and N. Kanji (46). S. C. Mitras 
work (1(W) on indirtei vUval pewpfioR throws light on the differen- 
tial sensitivity of the peripheral portions of the retina as regards 
perception of forms. He has further demonstrated that under 
certain conditions a field perceived monocularly appears brighter 
than the same field seen binocularly. The touch sensation has been 
carefully investigated by K. C. Mukherji (109), and S. Roy (129). 
M. N. Baserjl (5) has given an interesting report of the phenomonori 
of synesthesia. He has also studied the problem of acuity of 
hearing (6) in detail and has shown that the left ear hears better than 
the right one. A new phenomenon relating to subjective brightness 
(7) baa been recorded by him. H. P. Maiti (88) has worked on the 
discrimiTUition of light inteMUy. He has found a diaoriminative 
sensibility of brightness as fine as *021. G. Pal (116) has been 
working on thee&cts of continuously increasing loads on jtidgments 
of weight under different attitudes. These experiments are likely 
to throw new light on Weber's law. No profitable experimental 
work has yet b^n done in the domain of feelings and emotions. 
A beginning has been made by M. Samanta (185) in this direction. 
A study of (Esthetic perceptions has been undertaken by S. 0. Mitra 
and R. N. Ghosh (102) to test G. Bose’s theory of unconscious 
bodily references in aesthetic judgments. 

A large amount of work has been done on learning and memo- 
riMfion but beyond certain minor points nothing 
^ new has evolv^. M. V. Gopalaswami (68) tried 
to determine the correlation between learning -effort and psycho- 
galvanic reflex. H. P. Maiti (89) has made an interesting observa- 
tion on certain unconscious mechanisms bringing about mental 
inhibition during the process of memorization. The correlation 
between memory and intelligence has boen studied by H. P. Maiti 
(91), and S. Jalota (75). and that between memory and accuracy of 
observation by S. K. Bose (47). S. Sinha (148) has shown the 
characteristic nature of the learning curve of a feeble-minded child. 
M. V. Gopalaswami (65) has discussed the question of evidence 
of intelligence in motor learning. N. N. Sengupta and C. P. N. 
Sinha (144) have found variation in the output of mental work 
done in isolation and in group. 

M. Ganguli and M. Samanta (59) have found the norm for 
reaction time for Bengali students to be *178 
which is definitely less than *190 to *220 sec. 


Reaction time. 
Reflexes 


given by Titohener in his text-books. G. Pal 
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(117) has recorded the Ta nations in reaction times under different 
attitudes. M. N. Banerji (8, 9) has made use of reaction time 
experiments to indicate intellectual and physical fatigue. 

Study of rtflexts both ordinary and conditioned and also 
study of behaviour have been undertaken but nothing new has been 
achieved. At the Mysore laboratory psychogalvanic reflex pheno- 
menon in monkeys has been studied by M. V. Gopalaswami (67), 
and at the Calcutta laboratory S. Jalota and S. Patra (76) tried to 
effect the conditioning of the finger-flexion reflex. S. N. Roy (130) 
has dwelt on the importance of conditioned reflex in psychology. 
V. K. Krishna Menon (1 05) in his book 'A theory of laughter* 
has tried to prove that laughter is a demobilization of psycho- 
physical instinctive forces. M. V. Gopalaswami (66) has traced 
the genesis of laughter instinct in an interesting manner. 

Child psychology has been investigated by Indian workers 
in its ilifferent aspects. The mental develop- 

observed by G. Pal 

tlon. Intelligence language has been 

specially studied by I. Latif (85, 86). Pre-school children have 
been studied by 0. Berkeley-Hill (13, 14), S. Jalota (81), G. Pal 
(119). and M. N. Banerji (11). The sign-language of the deaf-mutes 
has been studied by H. Banerji (2). H. P. Maiti (95) has made 
certain important observations regarding the education of the deaf- 
mutes. The play instinct in children has been the subject of obser- 
vation by late Miss iS. Ghosh (63). Miss K. Kasambi (84) has 
suggested a new technique for the mental testing of children. 
Interesting studies of children’s drawings have been made by 
A. Datta (52) and E. W. Menzil (97). 

The problems of tducalional psychology have been treated by 
numerous workers. New methods and improvements of old ones 
have been suggested but there has been no wide departure from the 
past. N. G. Aptc (1) has considered the problem of adult education 
in India. I. Latif is now investigating the problem of adult literacy 
in the Punjab. The advantages of the objective examination 
liave been pointed out bv G. B. Bhattacharyya (29). A. K. Datta 
(63) has conducted experiments to test the reliability of the essay- 
type examination. D. D. Shenderkar (141) has repo^ certain 
interesting researches in education. The problem of antlimetio 
has been discussed by D. D. Shenderkar (142) and S. Jalota (77), 
and that of reading by M. West and H. Banerji (151). Professional 
judgment of learning has been studied by Pare Ram (124). 

Jnidligencc tests have received the greatest amount of attention. 
The tests have been studied both from theoretical and practical 
standpoints by J. M. Sen (140). H. P. Maiti (90), S. Pal (120), 
G Pal (118), 5tiss R. Ghosh (61), iliss S. B. Gupta 
Chutterji (48), and others. Vernacular versions of d^tterent 
European and American tests have been introduced by C. ttice 
(128), V. V. Kamat (83) and S. Jalota (78, 79). Group tests have 
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been apeciallv studied by P. C. Mahalanob.s (IOC, 107, 108)^ 

S Jalota (80). The former has subjecte.! the group test devised 

by him to statistical treatment and has fouii.l the rehabihty to be 
very hieh. S. Jalota has attempted a comparative study of intelli- 
gence scores in English and vernacular. Attempts for s^ndardi- 
^tion of mental tests are being made at Calcutta, Patna and 
An excellent summary of intelligence te.st work has been made by 
O. Berkeley-Hill (12) and H. P. JIaiti (96). 

Social psychology and group psychology have 

handling bv R. K. Mukherji and N, N. SongupU 
Society. Reli- [nr>). J. *Prosa<l (1*27) has shown the infl nonce 
gion. Art unconscious punishment fantasies in the 

nrorasation of certain tvpes of rumour. 0. Berkeloy-HiU (Ij) hfis 
discQ^ the problem of communal conflicts from the psycho- 
analytical sUndpoint. M. Sahani (131) has studied social character 
types and A. K. Wadia (143) has considered the principles of 
sodal organization. Contributions to ths pstjchologt/ of religion 
have been made by H. D. Bhattacharyya (33). 0. Bcrkeley-Hill 
(16), K. C. Mukherji (lU) and S. Sarkar (133, 134). R. Haidar 
(70, 71. 73) has brought out the importance of unconscious homo- 
sexuality and of castration idea as motives for poetri/ and plastic 
arts respectively. S. C. Mitra (104) has discussed the psychological 
basis of creation and appreciation of literature. 

G. C. dhatterji (49), M. N- Banerji (!0) and S. C. Mitrn (103) 
have been stressing the importance of industrial 
pjyc^ioio^.V fpf some time past. A strong pica 
^ was made in 1934 at the 3 1st session of the 

Indian Science Congress in Bombay for organizing a central 
bureau of industrial psychology and efforts are being made at 
present for the realization of the scheme. The University of 
Bombay is considering the feasibility' of starting a laboratory of 
industrial psychology. The Calcutta laboratory is being fitted up 
with suitable apparatuses for the study of different problems in 
industrial psychology. Some valuable work in this line has been 
done by M. N. Banerji. Working at the factories of the Bengal 
Chemical and Pharmaceutical Works, Ltd., in Calcutta and of 
Tata’s at Jamsedpur, M. N. Banerji has succeeded in finding out 
an important and easy method of determinii^ the onset of fatigue 
in workers. A simple apparatus like the vernier chronoscope is 
able to detect the changes. A well-known firm bad its prc^uct 
psychologically apprais^ at the Calcutta laboratory recently. 
The possibility of improving business with the aid of psychological 
knowledge is being gradually appreciated by local industrial concerns 
and researches in industrial psychology are bound to boar fruit in 
the near future. Vocational psychology has also been receiving 
attention to some extent. 

The proMem of faixgtic has been investigated by several workers 
at the Calcutta laboratory. S. Sinba and M. Ghosh (147) inveati- 
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gated the influence of sensory stimulus upon muscular work. H. P. 
Maiti (02, 93) has studied the diumal course of efficiency and the 
different types of fatigue curves. As already mentioned M. N, 
Banerji has observed the effect of fatigue on reaction time. 
Experiments are now being carried on in the Calcutta laboratory 
to note the peculiarities of the fatigue curve when groups of big 
muscles are involved. 

In the domain of abnormal psycholog t/ valuable contributions 

made by psychologists in India. 

Sex. Crim/ Berkeley-Hill has dealt with the different 

aspects of abnormality in children and the 
effects of parental behaviour on the mental constitution of the 
child (14, 18, 19). The familial treatment of the insane, treatment 
of psychosis by prolonged sleep, occupational therapy, the part 
played by the feeling of guilt in mental disorders and other problems 
of psychiatric interest have been discussed by him (20, 21, 22, 23, 
24). J. E. Dhunjibhoy (55, 56) has studied the effects of sulphur 
injection in psychosis. He has also studied the incidence of dementia 
pracox among Parsoes (54). J. N. Pacheco (122) has contributed 
to the study of the problems of sterilization of the unflt. He has 
\vTitten papers on pyknolepsy, suicide, etc. (123). 

On the basis of bis psychoanalytical case records G. Bose (36) 
has formulated a new theory of mental life. He has explained 
repres.don, ambivalence, conscience, imitation, projection, dream 
and many other mental mechanisms on the basis of a conflict between 
wishes of (lie opposite type (37, 39). He has evolved a new 
technique of psychoanalytic treatment by which mental symptoms 
are sought to be adjusted by fantasies of oppasite types (33). 
The reliability of psychoanalytic findings has been discussed by him 
and specific p.sychoanalytical problems have received new inter- 
pretation in Ilia hands {40y 41). 

In sexology 0. Berkeley-Hill (25, 26, 27) has contributed to the 
j>sychology of sexual reciprocity and birth control. He has also 
dealt with the subjects of sex hygiene and auto -eroticism. G. Bose 
(30, 37, 42) has discussed homosexuality, the ambivalent sexual 
traits, the nature of perfect love and the duration of coitus (44). 
He has also given an account of the concept of sex in psychoanalysis 
(42). S. Jalota and Miss D. K. Grewal (82) have written on ki.ssing. 
K. C. Mukhorji (113) has discu.ssed sex in the Tantras. 

In India there is a big field for work in criminal psychology 
but unfortunately no work of any importance has been done in this 
line. O. Bose gave a course of lectures to police officers under 
training at the Government Detective Training School on crime 
and p.sychoanalysis with special reference to Indian conditions. 
P.s VC ho -galvanic tests for the detection of actual criminals from a 
group of suspected persons have been carried out at the Mysore 
and Calcutta laboratories. M. V. Gopalaswami has written a few 
papers on the subject. 
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The hietortj of paychoiogy in India beginning from ancient 
times has been ablv worked out by N. b, W. 

History Sastry (138). Pars Ram (125) has also written 

a short history of psychology in India. J. Sinha (146) has made 
valuable contributions towards undersUnding the p^ycliologjcal 
findings of ancient Indian philosophers. The psychological outlook 
in Indian philosophy has been stressed by G. Bose (43). b. C. M»tra 
has written an account of the pr<^e88 of psychology in Calcutta. 
R N. Ghosh (62) has published a history of the psychoanalytic 
movement in India. The place of psychiatry in India has been 
discussed by 0. Berkeley* Hill (28) and J. E. Dhunjibhoy (57). 


IV. Futubb. 

Psychology in India is barely twenty years old. In the 
i.a different universities it is still fighting its way 

Dimcuiues ^ establish itself firmly among the other 
sciences. Besides the inherent difficulty of the subject-matter itself 
referred to at the beginnings external obstacles in the shape of 
prejudices, distorted outlook, etc. have to be overcome at every 
step. For example a view seems to be current among many 
scientists and others who should be expected to know better that 
psychology is only applied physiology and that its task is to study 
physiological prooesses and biological activities. Mind always 
works with the body so that every psychological situation carries 
with it a physical situation as well. For a professed psychologist 
to turn his attention to the physical side* to the neglect of the men- 
tal, is a gross violation of the first principle of scientific procedure. 
It is just like an avowed physicist concerning himself with the 
pleasure arising out of a tone rather than with the vibrations 
producing that tone. Philosophers also are not generally willing 
to co-operate with the modem activities of psychology and are 
inclined to look at them either with suspicion or disdain. Never* 
theless psychology has made a healthy loginning in India and has 
already to its credit a fair amount of good solid work. It is true 
that till DOW psychological research in India has followed more 
or less beaten tracks, except perhaps in abnormal psychology, 
but the time is not distant when it will be able to open new paths 
for itself. The field is exceedingly rich and a good harvest awaits 
the earnest and intelligent worker. Much fruitful work may be 
done in folk and social psychology. In India different types of 
cultures ranging from the most modem to the most primitive 
exist side by side. 

India’s ancient learned men bad a genius for introspective 
Unexplored “'^ditation and the Indian psychologist has that 
heritage. In this respect he enjoys an advantage 
over his colleagues in the west. If this faculty is 
properly cultivated problems requiring deep introspection such 
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as those of thought processes, higher cultural inhibitions, etc., 
will be successfully solved. The mystic experience of saints and 
Yogis should form the subject-matter of psychological research 
and India is the best place for this study. The Andhra University 
conceived of such a scheme but the project failed to materialize. 
The Board of Higher Studies in Psychology, University of Calcutta, 
has recently made suggestions for bringing the course in psychology 
up to date and it has proposed to include the study of Yoga in the 
syllabus. 

Criminal psychology is another held likely to yield fruitful 
results but Government co-operation is necessary for this work. 
Industrial psychology offers vast opportunities for research in 
India. Comparative, genetic and abnormal psychology also have 
each dark regions waiting to be illuminated. It is up to the autho- 
rities of the different universities to foster the growth of the new 
Science of Psychology. 
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I. PftfiPACB. 

[The antborehip of thie chapter was* in the first instance, offered to 
Dr. 5. L. Hera ^ the autboritiee of the Indiaiv Science Congress Association. 
Dr. Hora had invited the co •operation of zoologists working in India for 
writing up the chapter, and bad obtained summaries of progress in various 
branches of Zoology from specialists on these branches. Owing to preeaure 
of other work he felt that it would be difficult for him to coinplote the account 
of progress In Zoology before the appointed time, and, therefore* obtained 
the permission of the Executive Committee of the Indian Science Congieas 
Association to hand over the unfinished part of the work to the present 
author. Although the work of writing up the present chapter had been 
entrusted to the author at a comparatively late period, the burden on his 
ahouldeia had been considerably Qghtened by the partly finished material 
whjeh was placed in his hands. Kevertbelees, the author is responsible for 
any errors and omissions in Ukis chapter, and craves the indulgence of his 
readers, as he is well aware that work undertaken under short notice and 
consequently executed in a hurry ia bound to be defective in many respects. 
Moreover, for a critical appreciation of the advances made iif any science it 
is essential that eve^ contribution should be examined in detail, smd the 
• author regrets that in the short time at his disposal it waa impossible for 
him to do so. The summaries of pro g re ss by the following specialists on their 
own subjeots have very materially aesisteid the author in writing up this 
chapter t— Dr. Viahwanath on Cytology, Dr, G, S, Thapar on Helminthology, 
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Dr. H. N. Ray on Sporozoa, Dr. H. S. Pnithi i on Entomology. Dr. S, L 
Hora on Ichthyology, Dr. B. Frashad on Cotiehology, Dr. B. N. Chopra oa 
Carcinology, Dr. K. N. Bahl on Morpholog>'. and Dr. S. C. Law on Ornithology. 
Ih© present author is. however, solely responsible for the parU dealing with 
Marine Zoology, Arachnolog>', Herpetology and MQmmolog>\ and partly for 
Protozoology, Morphology, and Entomologv. To the specialists mentioned 
above, and to the indulgent Editor of this work the author is grateful for 
much \'aluable help. To these gentlemen and to Dr. S. L. Hora and the 
authorities of the Indian Science Congress the author’s thanks arc due,] 


II. Intbodvction. 

The aim of the present chapter is to appraise the progress of 
zoological research in India since the inauguration of the Indian 
Science Congress in the 3 *ear 1914, but a review of this nature would 
be incomplete and unsatisfactory without a reference to the early 
progress of Zoology in the country. At the eighth session of the 
Indian Science Congress which met in Calcutta in 1921, the President 
of the Zoology section, Dr. F. H. Gravely, reviewed the progress 
of Indian Zoology from about the middle of the 17th century to 
the beginning of the present. The work of the zoologists in India 
during that period was of a pioneering kind, and embraced field 
surveys of limited scope, biological observations, and a wealth 
of new knowledge in regard to the taxonomy of various groups of 
the Animal Kingdom, more particularly of the Fish, Reptiles, 
Birds and Insects of the Indian Empire. The progress of Zoology 
in India during the two and a half centuries covered by the aforesaid 
review constituted a firm and broad -based foundation on which 
the superstructure of twentieth century zoological research was 
raised to considerable heights during the short period of a little 
over a third of the present century. The pace of progress was at 
first slow because of the paucity of workers. With the exception 
of the Royal Asiatic Society of Bengal and the Bombay Natural 
History Society which encouraged among their members the spirit 
of scientific enquiry in regard to subjects of natural history, there 
were no organized Institutions to foster or stimulate the pursuit 
of zoological research. The only institutions of zoological research 
under official control were the Natural History Museums at 
Calcutta and Madras, and one or two colleges in the Punjab and 
the United Provinces. Among the science subjects taught in the 
few Indian universities ot the beginning of the century, Zoology 
was the least important in but three of them, namely, Madras, 
Lahore and Allahabad. With the dawn of university expansion 
in the provinces of’ India which approximately coincided with the 
birth of the Indian Science Congress, Zoology came to occupy its 
rightful place amongst the science subjects taught in the universitieSi 


1 Dr. Prulhi was assist in this work by other specialists, viz., Messrs. 
J. C. M. Gunlner, S. K. Sen, and Dr. D. R. Mehta. 
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Thus the Universities of Agra, Aligarh, Benares, Bombay, Calcutta, 
Lucknow. Mysore, Nagpur, Osmania. and Rangoon which uistiUited 
degree courses in Zoology within the last quarter of a century, 
helped to quicken the pace of this progress, which is clearly reilectod 
in the proceedings of the Indian Science Congress by the bulk of 
the pa^rs road being contributions from research workers and 
teachers attached to the Zoology departments of tlic Univci'sities. 
Apart from the increase in the number of universities teaching 
Zoology there has been expansion in the activities of scietitifio 
departments, Imperial as well as Provincial. Among tliese may be 
mentioned the Imperial Agricultural Research Institute (formerly of 
Pusa and now of Delhi), the Imperial Veterinary Research Institute 
(Muktesar), the Imperial Forest Research Institute (Dohra D\jn), 
the School of Tropical Medicine and All -India Hygiene Ltstitute 
(Calcutta), the Indian Lac Research Institute (Ranchi), the Indian 
Institute of Plant Industry (Indore), the Locust Research Institute 
(Karachi), the Imperial Sugar-cane Breeding Station (Coimbatore), 
the Helminthological Institute (Rangoon), the Zoological Survey of 
India (Calcutta), and the Madras Museum and Fisheries departments. 
The special problems of agriculture, of animal husbandry, of tropical 
diseases of man and animals, of fisheries, and of the geographical 
distribution of animals are studied by the departments concerned. 

In a tropical country of the dimensions of India with its varied 
physical features and climate, and with Zoology as a young science 
in this country, progress, as may be expected, was chiofiy in the 
direction of making known the faunistic elements of this vast 
area In relation to the types of environment present. (Consequently 
our record of progress consists of considerable data in regard to the 
distribution of known species and to the new elements in the fauna 
which have been discovered from time to time in the cotirse of 
the last quarter of a century. In the investigation of the fauna 
of this country, the predilections of individual workers, the special 
necessities of investigators attaclied to certain departments, the 
availability of zoological material in various centres of investigation , 
and a thorough acquaintance with the gaps in our knowledge of 
the fauna seemed to have influenced the course of zoological research. 
One of the causes which contributed to the expansion of our know* 
ledge of the fauna of India has been the enthusiasm of investigators 
and specialists abroad who on a study of Indian material suggested 
lines for further work and pointed out the gaps in our knowledge 
of the Indian fauna. This stimtdus from outside has been fruitful 
in many ways of which Uie publication of several volumes of the 
official Fauna of British India series is one. An extensive survey 
of the freshwater molluscs of India was prompted by the inadequacy 
of our knowledge of these animals, some of which, at any rate, 
are known or were suspected to act as vectors of human and animal 
schistosomiasis. The distribution, mutual relationships, mor- 
phology and life -history of this group of animals by Annandale, 
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Prashad, Rao and others are consequently better known than 
those of any other group of freshwater animals. The Indian and 
Burmese Oligochaetes which have been the subject of exhaustive 
study by Stephenson and Gates respectively for over a quarter of a 
centur>’ are etiually weD- known. The special interest of successive 
zoologists attached to the Indian Museum at Calcutta from Wood- 
Mason and Alcock to Kemp and Chopra in the Indian Decapod 
Crustacea is almost traditional. Our knowledge of the freshwater 
fishes of the Indian Empire, which was in a state of stagnation 
for several years after the publication of the works of Hamilton- 
Buchanan and Day, has been augmented considerably by the 
re.searches of Annandale, Ch4u<ihuri, Hora and Mukerji/ The 
biological factors governing the life of hill -stream fishes and their 
adaptations to changing conditions, and the trends of evolution 
in various groups of freshwater fish have received special attention 
at tile hands of Hora in a long series of papers published within the 
last 10 years. The marine fiahes of the Bombay coast have been 
studied by Fowler, Lele, and Spence and Prater in a series of 
articles. The life-long interest of Annandale in the fauna of fresh- 
water lakes and brackish water areas not only of India but of the 
whole of Asia has resulted in considerable advances of our knowledge 
of the groups of animals characteristic of these areas. Thus his 
own contributions on the Invertebrate groups of which he was 
a specialist, such as Porifera. Coelenterata, Polyzoa, Mollusca, and 
Crustacea (Cirripedia), and those of his scientific colleagues both 
in this country and abroad have materially increased our knowledp 
not only of the faunistic elements occurring in the lakes, back- 
waters, and estuaries of India but also of the biological conditions 
under which they live. A knowledge of the fauna of the Ganges 
and the Mahanadi systems and of the smaller streams in many 
parts of the country we also owe to his efforts. The tradition in 
regard to the study of the fauna of specific environments in rela- 
tion to biological conditions is being followed by a number of 
workers in India, particularly those associated with the Zoological 
Survey of India of which Annandale was the founder. The gro^h 
of morphology in this country is closely associated with university 
expansion. Zoology teachers and students in the universities 
studying Indian types of freshwater and terrestrial animals locally 
available, or marine animals at first imported fr'om marine biologi^l 
stations in Europe and later obtained from the Madras Fisheries 
Department, found it difficult to follow practical text -books pub- 
lished in England or America, and a largo number of morphological 
paj)erH on Indian species began to be published. The keenl.v frlj 
want of practical text -books to guide the Indian students led 
naturally to the publication of special memoirs, under the editor- 
ship of Bahl, on some of the commonest types of freshwater and 
marine animals. These memoirs form a I and -mark in the history 
of Indian Zoology. The ease with will cl i helminthic panisites 
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may be obtained from the common types of vertebrate V',’"':!*'* 
dissected in class roome and studied in the laboratory with the 
minimum possible equipment seems to have induced many workers 
in tUs country to take up tlie stxidy of Helminthology. The result 
of this activity is seen in the publication of three volunics on Cestoda 
and Nematoda in the Favna series within less than a decade, and 
of an important monograph by Scweil on all tlie known larva! 
trematodes. Besides these there are numerous papers on the 
taxonomy and morphology of Indian helminths by various authors 
in N. India and Burma. * The very large number of new species 
of Polychaeta discovered by the Cliilka Lake survey gave nn 

S tu's for the collection and study of this group in aevcral parts of 
L The researches of Southern. Fauvel and Ayyar have 
added considerably to our knowledge of the distribution, habile 
and life -history of various species of Polychaeta occurring in 
India. The pelagic fauna of Indian seas, particularly of the 
Copepoda, UrochordaU. Polychaeta, andChaetognatha has received 
some attention, but tbe best kjiown of these are the marine 
Copepoda some families of which have been dealt witli in detail by 
Sewell. Our knowledge of the littoral fauna of a reef-bound coast 
has been extended by tbe labours of Gravely in his investigation of 
the fauna of the Krusadai Island in tbe Gulf of Manaar. With the 
cessation of deep-sea dredging by the R.I.M. ‘ Investigator * during 
the period under review, the series of valuable contributions on the 
deep-sea fauna practically came to a close, but the reports on 
material collected previously continued to be published. Of these, 
tbe concluding part on the regular Echinoids by Koehler and the 
two parts on the deep-sea Hezactinellid andTetraxonid sponges by 
Dendy and Burton mark distinct advances in our knowledge of 
these groups. The Arthropoda, particularly Insecta, have received 
very considerable attention during the period under review. Tbe 
taxonomy, distribution, morphology, bionomics, and life -history of 
Insects have been dealt with by numerous authors, tbe Bip^ra, 
Coleoptera and Odonata being the most widely studied. Tbo 
large number of volumes in the Fauna series published during this 
period on these groups of Insects is an indication of tbo extent to 
which they have been studied. The Myriapod fauna of India has 
also received considerable attention at the hands of Silvestri, 
Attems and Verhoeff. The discovery by Kemp of a hitherto un- 
known species of Onyebophora referr^ to a new genus, Typhloptri- 
patust within tbe confines of the Indian Empire and his contribution 
to the morphology and bionomics of this rare ^ecies constitute an 
outstanding advance in the history of Indian Zoology. 

The advances in our knowledge of the Batrachians, BoptiUans, 
Birds, and Mammals have been no less marked than those of the 
Invertebrates. The surveys of the avian and mammalian fauna 
of various parts of the Indian Empire organized by tho Bombay 
Natural History Society have very materially increased our know- 
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ledge of the distribution, variation, habits, and taxonomy of these 
animals. Several volumes in the Fauna series which have been 
published in recent years, have embodied the results of the fauiustic 
and other researches on the reptiles and birds of India. 

Keen interest has been shown in recent years in the study of 
the problems of Cytolc^y, more particularly gametogenesis, and 
several contributions dealing with the Golgi b^ies, mitochondria 
and other cell inclusions by Visbwanatb, Bhattacharya, and 
Subram a niam among others have been made within the last decade. 

The study of physiology of animals seems to have attracted 
the attention of very few workers in India, and except for stray 
notes in the course of morphological studies of Indian species 
there is little that is worthy of mention. The recent papers of 
Pal and Prasad ^ on the effects of sugars on the frog's heart, of 
Das* on carbohydrate storage in Tunica tes, of Reddy* on the 
physiology of digestion in a species of freshwater crab, and of Lai * 
on the physiology of the stink-glands of a Millipede (see also Hon jo * 
on the physiology of the neuromuscular system of Caridinicola 
iiidica) seem, however, to indicate that the physiology of Indian 
animals will soon become a favourite subject for investigation by 
zoologists in this country. 

III. Protozoology. 

The scope of this section in the present account will be limited 
to such groups of Protozoa ae have not been dealt with in the 
chapters on progress in Medical and Veterinary Sciences. The 
study of Protozoa in India seems to have attract^ first the atten- 
tion of the Parasitologists whose observations on diseases of 
protozoal origin in human beings and their domestic animals are of 
great value not only to the medical and the veterinary practitioners 
but also to the general Protozoologist. Interest in medical and 
veterinary Protozoology naturally led to investigations of the 
protozoan fauna in general. The literature on the former is con- 
siderable. and for fuller information the reader is referred to the 
chapters on Medicine and Veterinary Research in this volume. 

The free -living forms of Protozoa which inhabit our fresh- 
and brackishwater areas have been studied in comparatively recent 
years, but owing, unfortunately, to the paucity of workers on wis 
^oup the volume of work that has been done is insignificant. The 
important role that the Protozoa of soils play as causative agents 
of chemical changes which affect the fertility of soils has not vet 
been fully realized in this country. In regard to soil Protozoa, 


» Pal, R. K- and Prasad, S. Journ. LXXXIII, 1933* 

8 Das. S- M. Ind. Zooi. Mem., V, 1936. 
i Reddy, A. R. Proc. Ind. Acad. Sci., VI. 1937. 

* Lai. M. B. Cure. Sci., II. 1033. 

j Honjo, I. Mem. Coil. Sci. Kyoto Imp. Univ.. Sex. B, XII, 1937. 



RAO : SOOLOOV. 


as far as the author is aware, only three papers have been pub. 
lished bv Sandon (1927) on the composition and distribution ot 
Protozoa^ in the soil, by Madhava Eao (1928) on the protozoan 
fauna of Mysore soils, and by Chaudhun (1929) on tho protozoal 
content of certain soils in India. Husain (1935) has made a pre- 
liminary study of the soil Protozoa of Lahore. » . .i 

Of the parasitic marine Protozoa reference will be made m tho 
section of Marine Zoology (p. 360). but of the free-living marme 
forms such as the Badiolaria, Foraminifera. Holiozoa. etc. practically 
no work seems to have been done during the last quarter of 
a century. Nor is anything known about the free-living Amoebce 
and Fia^Uates of Indian waters, freshwater or marine. Chatterjee 
(1917). however, contributed a not© on a now free-living Amoeba, 

It is, however, worthy of note that increasing interest is being 
evinced in the groups, (^iliophora and Sporozoa. The publication 
of a volume by Bbatia (1936) on the former group in the Fauna 
of British India series to be followed by another on the latter 
group by the same author is sufficient evidence of the steady pro- 
gross of Protozoology in India. In tho following few paragraphs a 
brief account of the work done on Indian Protozoa is given. 

Bhatia and his associates, Oulati, Mullick. Cooper, and others 
have published between the years 1916 and 1935 a number of 
papers on the freshwater and parasitic Ciliate Protozoa of tho 
Punjab and Kashmir, while Ghosh (1918-1929) has described 
various forms of CUiophora from Calcutta including Scyphidia^ 
Balantidium, Opalina, Tokophrya and Podophryra, do Mello, 
in a series of papers (1 920-27 )» gave an account of the intestinal 
Protozoa of LeucoUrmes indiccla and other forme of Termites. 
The same author (1930-1932) described the parasitic Infusoria of 
Portuguese India and Malabar from Amplubian hosts. Gulati 
(1933) gave an account of the multiplication of Nyciotherus macro- 
pharyTtgeus, Jameson (1925) described several interesting forms of 
Ciliates from tb© stomach of ruminants, while the contributions of 
Kofoid and his associates (1929-1935) include descriptions of 
Ciliates from the Indian Elephant, from Bos gaurus and Bos indicus, 
and a revision of the genus Diplodinium. 

Numerous papers on the blood- parasites of small mammals, 
birds, and fish have been contributed by de Mello and his co* workers 
(193^1937). Among these may be mentioned their studies of the 
blood -parasites, Oiardia^ Plasmodium and HesmoproUus of Indian 
birds, of the sexual sebizonts and merozoites of Toxoplasma fulica 
from the Indian Coot, Fuliea o/ru, of Trypanosomids irom Indian 
birds and fish, and of the H^mogregarines of Indian eels and 
lizards. Pearse (1932) described a new Trypanosoma from the fish 
Saccobran^us fossHis, 

Within the last few years (1932-1935) Bay and his associates. 
Mitra, Chakravarty and Das Gupta have contributed a number of 
papers on the morphology and tazor^omy of various Coeoidiid 
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Sporozoa. The morphological part of their work is referred to in 
another section (p. 408) of this article. The life -history of a new 
Cephaline Gregarine from Indian millipedes and the founding of 
a new family, Hyalosporinide, for such forms as possess a hyaline 
membrane to their spores, the genus Stenophora from Indian 
millipedes, the studies on Conchophthirus Inmellidem including 
observations on the lunar periodicity in conjugation, the discovery 
of new Coccidiida {Eintertay Isospora, etc.) ft^m the gut of Bufo 
are among their more important contributions. Setna and Bhatia 
(1934) described for the first time some Gregarines from the 
intestine of the Bombay prawn, Paraptmopsis sculptilis. Knowles 
and Das Gupta (1934-1935) have studied the ciliate, rhizopodous, 
and sporozoan parasites of lizards and monkeys, while the latter 
author (1935) recorded a large number (42) of species of Protozoa 
from the rumen of the Indian goat, Capra hircu$, thirteen of 
which were new records to India and six were new species or 
varieties. Pearse (1932) reported a new gregarine, ^^eintna meto* 
plaxi from a crab. The genus was hitherto known only as parasitic 
in beetles. 

The Indian Myxosporldian parasites seem to have received 
scant attention. The only paper published during the period 
under review on ibis subject is that of Southwell and Prasbad 
(1918) on certain undescribcd forms of Myxobolus and Sphaerosp^a 
parasitic on freshwater fish. 

IV. Marine Zoology. 

The study of marine zoology in India has for its background 
the history of individual workers whose energy and enthusiasm 
paved the way for a steady advancement of knowledge of the 
subject. The pioneer work of zoologists like Stoliczka, Anderson, 
Wood-Mason and AJcock during the half a century preceeding the 
birtii of the Indian Science Congress laid the foundation for the 
solid structure of the study of marine zoology that we now see m 
India. The long residence of some of the early zoologists in In^a 
and their continued interest in biological work as members of a 
scientific society, the Asiatic Society of Bengal, at Calcutta influenced 
opinion in favour of an organized effort to investigate the conditions 
of life in the sea on the linos of the ' Challenger * Expedition. In 
1871 a committee consisting of distinguished biologists such as 
Stoliczka, Blanford, Anderson, Wood-Mason and Oldham appoin^d 
by the councU of the Asiatic Society of Bengal reported on the 
desirability of moving the Government of India to undertake 
deep-sea dredging in Indian waters. The Asiatic Society’s advocacy 
supported by the leading zoologists representing the Royal Society 
resulted in the establishment in 1874 of a Marine Survey Dep^ 
ment, and in the appointment of a surgeon -naturalist on 
of the Survey. During the early days of the Survey, 1874-1881, 
Armstrong, the first surgeon -naturalist, found it impossible to put 
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into execution the scheme of deep-sea dredging for want of facihties 
to do 80 , but was able to collect material from shallow water up to 
a depth of 100 fathoms. The pioneer deep-sea biological investi^- 
tion was, however, undertaken in the Andamans and Nicobars by 
Wood-Mason in 1872 as a deputy of the Trustees of the Indian 
Museum, Calcutta. With a complete deep-sea equipment provided 
on the marine survey vessel ‘ Investigator ’ several more or less 
successful hauls, about a dozen per season of 0 months, were made in 
depths ranging from a few fathoms up to 2.000 fms. between the .\'onrs 
1884 and 1898 in regions as widely separated as the Persian Gulf, 
Ceylon, Andamans, the coasts of Burma, and the mouths of the 
rivers, the Ganges and the Hughli. The material obtained was 
sufficiently large and interesting to merit study by specialists, and a 
series of separate monographs dealing with the deep-sea Indian 
fauna began to be published under the authority of the Trustees of 
the Indian Museum from 1898 onwards. The monographs dealt 
with such groups as Hezactinellid sponges, Madreporarian and 
Aleyonarian corals, Bchinoderms, Fish and Crustacea. 

Both the survey work and the marine biological work of the 
'Investigator* were mtemipted during the war of 1914-18, and 
when in 1920 the survey was resumed the arrears of work limited 
her trawling operations to only one or two per season. The surgeon- 
naturalists were, however, able to collect a variety of marine 
animals from the reefs and shores not far from the ship's anchorage. 
As dredging and trawling formed a subordinate branch of the 
8hip*8 routine and occupM an insignificant part of the surgeon- 
naturalist's time a systematic survey of the planktonic organisms, 
especially surface -living Oopepods, and of the hydrograph io condi- 
tions was undertaken by Sewell, from the survey season of 1910-11 
and continued with interruptions up to the time of his relinquish- 
ment of that office in 1925. It was during this period that a newly 
designed mid-water net was used (with promising results) for the 
first time in the history of the Marine Survey of India. 

The Investigation of the fauna of the littoral zone and the 
inshore waters of the Indian seas received also considerable atten- 
tion at the bands of individual workers and public bodies. Some 
years after the 'Investigator* was at work, Anderson (1888-89) 
went on a collecting expedition to Tenasserim and tbe Kergui 
Archipelago in 1881-82. In the first decade of the present century 
the Gulf of Manaar was explored by Herdman on the Ceylon aide 
and by Thurston on the Indian side, and in tbe Arabian sea 
Gardiner and Homell investigated the marine fauna of the Laccadive 
and Maidive islands and tbe Okhamandal Coast of Kathiawar 
respectively. These general investigations on the marine fauna 
were supplemented by spasmodic observations on the bottom and 
mid -water fauna made in the course of experiments on trawling 
conducted along their respective coasts by the maritime provinces 
of India, namely, Bengal with the trawler ' (Solden Crown *, Bombay 
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with the trawler ‘ William Carrick and Madras with the trawlers 
* Lady Nicholson * and ‘ Lady Goschezx ^ The scientific reports 
based on the material collected by these trawlers are not com* 
prehensive and include only stray notes on the Tarious groups of 
animals scattered in zoological literature. 

In the period under review, apart from the work of the 
‘ Investigator \ there has been only one important expedition 
namely, the John Murray Expedition on the ‘ Mababiss * under the 
leadership of Sewell to the Arabian sea, which has made valuable 
contributions to our knowledge of the Indian marine fauna, The 
reports on the material obtained are being issued in parts. 

The exploration of the shore and littoral fauna of the coasts 
of India and of the maritime lakes and backwaters has been done 
at various times by zoologists in India during the past 25 years. 
The notable among these regions are the salt lakes and estuaries 
in Bengal, the Puri coast, Cbandipore beach and the Cbilka Lake 
in Orissa, and in Madras, the Vizagapatam backwater and Waltair 
beach, the Ennur backwaters and Pulicat Lake, the Madras coast, 
the coastal region from Kilakarai in the Ramnad District to 
Tuticorin including Pamban, Raraeswaram and Krusadai island, the 
backwaters along the West coast from Mangalore to Trivandrum 
and Cape Comorin, the Bombay coast from Kanvar and Goa to 
Bombay, the vicinity of Karachi in Sind, and the coast of Burma 
near Mergui. 

The progress of marine zoology in Europe, America and Japan 
has been in no small measure due to the enterprise of Governments, 
Universities, public bodies and associations interested in the 
ment of the marine resources of their respective countries. Most 
maritime countries have one or more marine biological stations 
which encourage the study of marine zoology and attract schol^ 
and students from various parts of the world. India with her 
extensive sea- board and a physically varied coast bad no marine 
biological station until a few years ago when the Madras 
Department organized a small station in the extreme 
Intlia (since transferred to Ennur in the vicinity of Mae^as). 1 
Indian Universities teaching Zoology had, until quarter of a century 
ago, to content themselves with the study of European manne 
types of animals imported from Plymouth, Port Erin or Naples* 
but the enterprise of the Madras Fisheries Department made 
possible for Indian students to study marine types common along 
the Indian coasU.' It is not a little surpnsing that even 


1 The nublicfttlon in India of a series entitled the /nffian 
Memoirs on the lines of the memoire published in Er^land tinder the autbon y 
of the Liverpool Marine Biological Committee was the natural 
increftse<l use of Indian marine material by colleges and univereities 
untry. The scries is edited by K. N. Bahl and includes at 
inomoire on three separate Indian manne types commonly a^aiiabi 
attidy on the Indian coasts. 
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after quarter of a century of progress in marine zool^y thoro are 
only two marine zoological research stations m the whole of i^aia, 
namely, the one at Madras maintained by the University and the 
one at Krusadai in the Gulf of Manaar maintained by the Madras 
Fisheries Department. Judging by modern standards, neither of 
them fulfils the ideal conditions necessary for continuous all-round 
marine zoological research work. Schemes for the establishment 
of a marine zoological station in Port Blair (Andamans) m the 
centre of the Bay of Bengal which has been aptly called the 
naturalist’s paradise, and in Karachi on the coast of bind at tJie 
head of the Arabian sea under the auspices of the Government ot 
India which -were favourably considered had to be shelved indeli- 
nitely owing to the unfortunate continual financial stringency of 
the country.' In spite of these drawbacks the pace of progress in 
marine zoology has not been slow, and the quarter of a century 
that has passed since the birth of the Indian Science Congress has 
contributed material additions to our knowledge of the Indian 
marine fauna. 

The only survey of importance of any particular marine or 
brackishwater area or biological unit that was brought to a successful 
conclusion since the birth of the Indian Science Congress was that 
of the Chilka Lake, a maritime lake on the Orissa coast of India 
below the delta of the river Mahanadi. Sewell and Annandalo 
(1922) investigated the Hydrography and Invertebrate Fauna of 
Rambha Bay of this lake in an abnormal year. In this lake of 
undoubted marine origin a few freshwater forms have established 
themselves while the estuarine or backwater forms are characteristic 
of the fauna of the Oangetic delta and of the lagoons on the coasts 
of India. The occurrence of purely marine species in the lake is 
seasonal. The most striking features of the fauna of the lake are 
the abundance of individuals and poverty of species, and the extra- 
ordinary power of individual adaptability of the permanent residents 
to physical changes in their environment. Such animals as 
Rhizostomous medusae and Oxystome crabs for example living in 
the lake are capable of flourishing in freshwater at one season and 
salt-water in another. The fauna has, however, the representatives 
of nearly all the phyla except the Echinodermata. The main 
object of the Chilka Lake zoological survey as stated by Annandale 
was ' to lay a foundation for the study of the fauna of brackish 


^ Recently the Indian Science Congress at Patna (1033) sponsored a 
dUeuesion by biologists on the necessity of establishing a marine biological 
station in I^a. but the discu^on turned towards the comparative merita 
of various places on the coasts of India sa the most suitable as a contro of 
marine biological research work, but there was a genera) agreement amongst 
biologists that the establishment of an All-Isdia Marine Biological Station 
was an urgent need. There is certainly room for more than one marine 
biological station in India, provided that funds are available, but the establish* 
ment of a Central Marine Biological Institute has been long overdue. 
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water and of water of rariable salinity on the coast of India on the 
same lines as our predecessors in the Indian Museum have done 
for that of the abyssal fauna of Indian seas That this foundation 
was truly and welhlaid is borne out by the fact that a considerable 
number of papers dealing with the elements of the fauna of the 
brackish water areas along the coasts of India has been published 
in India since the Chilka survey was completed. The chief zoological 
interest of such investigations lies in the fact that brackishwater 
areas, particularly the estuarine regions, act as a highway for the 
penetration of certain marine elements which finally establish them* 
selves in freshwater. The surveys of the Calcutta Salt Lakes and the 
Lower Bengal estuaries, the Vizagapatam backwater and harbour, of 
tho Ennur, Pulicat, and Adyar * backwaters near Madras, and of the 
backwaters of the West coast of India which, when the results ^ 
published in a connected form, will show not merely the peculiar 
composition of the fauna but also the extent of the penetration of 
marine forms into waters of highly variable salinity. 

The fauna of the sandheads at the mouth of the river Hughli 
has in recent years received some attention thanks to the interest 
of the members of the Bengal Pilot Service who send their collections 
of animals from depths of about 20 fathoms to the Indian Museum 
for study. Notes on some of the interesting animals, particularly 
fish and Crustacea, from this collection have been published m 
Calcutta from time to time. 

Our knowledge of the plankton of tho Indian coasts is still 
very meagre, but valuable contributions have been made during 
the period under review by Homcll and Nayudu . (1023), and 
by Aiyar, Menon, and Menon (1936), and Menon (1931) who 
studied the seasonal variation of the .planktonic elements 
the west and east coasts of Southern India respectively. The 
general features of the organic cycle and the seasonal variation of 
the plankton in tropical seas seem to be the same as those of the 
temperate seas, except that there is an appreciable difference in the 
elements of the planktonic fauna. n tf f 

The zoological survey of the Krusadai Island in the 
Manaar under the leadership of Gravely (1927) added another 
important contribution to our knowledge of the marine fauna o 
a recf.boiind island subject to strong currents and to the monsoon 
winds. The results are, however, not so complete as those ox tn 
Chilka survey. An attempt to study the fauna of the Manora 
Shoal In the Vicinity of Karachi on the same lines has been made 
by the University of Lahore under the guidance of Mat^ai. 

In the field of geographic and oceanographic research in Indian 
waters Sewell’s monograph 1926-1929 on the subject has been the 
most outstanding contribution to the study of physical conditioos 


1 Panikkor. N. K. end Aiyer. R. G. (Proc. M. Acad. Sci. VI. 1037) 
have given a «Ietailed account of the fauna of this area. 
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under which the marine fauna exists. It deals mainly with the 
geoeraphy, the nature of the sea-bed and its deposits, the tempera- 
ture and salinity of the coastal and surface watein, of the Andaman 
sea in relation to the adjacent waters like the Bay of Bengal and 
the Laccadive sea. and with the marine meteorology of the Indian 
fieas as a whole. It shows conclusively tliat tho physical conditions 
of the sea are in an almost continuous state of flux duo to influences 
both within and without its geographical limits, and must bo 
effecting profound changes in the character of tlie fauna, and that 
the study of the physical conditions is an integral part of the sludy 
of the bionomics of any given arm of the ocean or tho sea whatever 
its size or geograpliical position. 

The biological factors affecting the life of animals mhabitmg 
the Matlah river, near Port Canning, Lower Bengal, have also 
been the subjects of study during this period of 25 years. The 
observations of Stoliezka and Annandale have been supplemented 
by those of Kemp and Pearse in recent year.s. Kemp’s (1917) 
investigation of the fauna of this tidal creek of the Gauge tic delta 
\vith water which is always turbid and of variable salinity showed 
the remarkable resemblance of many species of animals, especially 
among the fish and Decapod Crustacea living in the creek, to tho 
deep-sea forms. The resemblances were in most cases very super- 
ficial as for instance in colour, in outline, and in tho presence of 
elongated filamentous appendages with a sensory function, but 
some species had morphological relationship to deep-water species 
as well. The very soft muddy bottom and low visibility which are 
the common physical factors of the bottom of a creek like Matlah 
and of that of the deep-sea have brought this conve^enco resulting 
in tho resemblances noted above. Pearse ’s (1932) observations 
on the ecology of this creek dealt with the slow invasion of fresh- 
water by marine animals, particularly of fish and crabs, and with 
their feeding habits. He thought that * babitatic segregation 
in other words, the avoidance of competition by invading unused 
areas, xras the most important factor in the invasion of freshwater 
areas and land by marine animals through the media of estuaries 
and creeks like the Matlah. 

So much for the general advancement of marine zoology in 
India. It will now be convenient to deal with the additions to our 
knowledge of the various groups of the animal kingdom beginning 
with the Protozoa and ending with the Vertobrata. 

Protozoa. — The only papers of any importance published on 
the marine Protozoa during the period under review were by Setna 
and Bana (1935) on the new Coccidium, Bimeria harpodonif from the 
Bombay Duck, Harpodon nehereua^ and by Setna (1931) who de- 
scribed three new Sporozoan parasites belonging to as many new 
genera (BhatieUa, Fermria and ExtremocyHiz) from the intestine 
and coelomic cavities of Polychste and Gephyrean worms from the 
Andaman sea. The characters of only adult trophozoites are known. 
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Porifera . — Our knowledge of the marine sponges of India 
after Schulze's report on the Hesactinellida of the * Investigator ' 
and Carter's papers on Tetrazonida is due to Annandale (1914, 1916), 
Bendy (1926), Kumar (1925), Burton (1928 and 1932), and Burton 
and Rao (1932). Annandale studied the Clionid sponges common 
on oysters, mussels and other molluscs, and the sponges parasitic 
on them, and gave an account of the biological differences of the 
sponge -faun a north and south of the Pa Ik Straits connecting the 
Gulf of Manaar with the Bay of Bengal. Kumar, Burton and 
Rao advanced our knowledge of the sponges of the Indian Littoral, 
while Dendy and Burton made several interesting additions to our 
knowledge of the deep-sea forms. The interesting alga -like 
Euceratose sponge, Cryptospongia tnigmaiica from a depth of 1,046 
fathoms, and the peculiar Spongud, 8Uno$p(mgia aligera from 
Mergui (65 fathoms) with a chitinoid cuticle and the pores restricted 
to the undersurface of a number of lateral wing-like processes are 
among the forms described. 

CoeUnUrata.Some notable additions by various authors 
have been made to our knowledge of the marine and brackish- 
water coelenterates durittg the period under review, Ritchie 
(1915) described the remarkable and peculiar new brackishwater 
Hydroid, AnnuUlla gemmata, with an alternation of free and fixed 
stages in the vegetative hydroid phase and the singular method of 
multiplying itself by setting free planula-Iike buds and by a mode 
of transverse fission associated with the chitinous basalbulb. Lloyd 
and Annandale (1916) studied the life-history of Campanulirui 
cet/Umen^is (Browne), I he medusoid generation of which was known 
to occur on the coasts of Ceylon and Burma, in the Gulf of Manaar, 
in the Chilka Lake, and in brackishwater ponds and channels at 
Port Canning and Calcutta respectively, and discovered the hydroid 
stage which is still known only from brackishwater. Leloup{1932) 
gave an account of the marine hydroids from various parts of the 
Indian coasts and seas. Menon (1930, 1932) made contributions 
to our knowledge of the Scypho- and Hydro-medusa from the 
Madras coast while Rao (1931) described the forms of Scyphome- 
dus» common in the Bay of Bengal and the Arabian sea. Recently, 
Stia.sny (1937) recorded the occurrence of several species ot 
Scyphomedus® not hitherto known from the Arabian sea, and 
remarked on the general poverty of these medusa in an mcreasmg 
measure from the Malayan seas to the Arabian and E. Alncan 
seas. Annandale (1915) described the new brackishwater genera 
of Actiniaria, Pkytococtes and Pel<Koetes. from the Clulka Lake and 
the Gancetic delta. Menon (1914, 1926), studied the larval forms 
of certain Actiniaria at JIadras and established the identity ot 
Anactinia pelagica with Ceriantkus. Zoanthella with Sphenopu^, 
and of Zwnlkina with Zoantkus. Carlgren (192o) proposed a 
revision of the Actiniaria of the Chilka Lake described 
and suggested the creation of a new family, the ^cvadneld®, for 
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the reception of Ch/rostoma glaucum Mn. and the inclusion of 
PhutocoeUi ckilkaus Ann. and Halianihus hmnicola Ann, in tho 
Halcampid genus Mena, and of 

Pehcoela exul Ann. in tUe Halcampactiidie. Panikkar 103o-d7) has 
added considerably to our meagre knowledge of tl.e stnioturc. 
bionomics, and systematies of various brackisliwaUT ami manno 
Actiniaria from the Madra-s coast. The contributions of C.ard.ncr 
(1929) on the deep-sea. Indian corals of tho genus Flamilum, 
of vender Horst (1931) on the Indian solitary corals, of Mutthai 
(1924) on the Madreporarian corals, particularly the aporoso forma 
of the famUy A8tr«id*» of the Indian seas have addcfl considerably 
to our knowledge of the coral fauna of Eastern waters. The 
discovery of the coral, Cylicia Sfnithii, Milne Edw. and Huime, 
in a sub-fossil condition in the Chilka Lake is noteworthy. 
Homcll (1922) brought together several interesting facts regarding 
the commensals of some Indian Alcyonarians, while Hamid 
(1931) recorded the occurrence of Virguiaria gracillima Koelliker 
in the outer channel of the Chilka. Lake. Hickson (1037) 
brought evidence to show that UmMltda kuxUyi has not only 
a wide range of distribution, but that many so-called species arc 
only growth stages or varieties of this species. 

PlatyMminJhe^. — Southwell (1930) and Poche (1926) made 
valuable additions to our knowledge of the helminthic para* 
sites of various marine animals the Pearl Banks, Ceylon, and 
the Chilka Lake. These parasites belong to the genera 
bothrium, Otcboihriwn, PkylloMhrium and T€lr<trhynckv4. Faust 
(1927) described the very curious new Holostomo CUi$togamia 
hohthuriana (from the intestine of the Holothurian, ActiTiopyga 
fnauritiana, ftom the Andaman sea) which had to be accommo- 
dated in a new sub -family, Cleistognmiinse. erected by him. 
This Holostome baa no external genital openings with the result 
that self-fertilization is obligatory, and tbe eggs have a long polar 
filament, The intermediate host is believed to be a marine mollusc. 
With the exception of Aspidegasttr, this is the only other instance 
of a fluke developing normaUy to adulthood in an Invertebrate. 
The creation of a new family, the Filisomids, among the Acantho- 
cephala fell to the lot of van Cleave (1928) who described Filt^omo 
indicum (gen. << sp. nov.) from the intestine of the fish Scatopkagv^ 
argus from the Chilka l^ke. The extreme length of the body and 
the proboscis, tbe curious location of the brain and the genital 
orifice, near the posterior end of the body, and the peculiar form of 
the cement glands made the creation of a new family necessary. 
Wheeler (1937) described the new Palseonemertid genus, Nannone- 
mertes (N. tndica), which is closely allied to PdagoTKtmerte^. 

Chaetognaiha. — Of this group the only papers of importance 
are those by John (1933, 1937) who gives an account of the Sagitla 
of the Mad^ coast and of the seasonal variations in its distribution, 
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and by Lele and Gae (1936) who deal with the common SagiUa 
of the Bombay Harbour. 

Bruchiopoda. — Awati and Kshirasagar (1935) studied the 
distribution of Lingula sp. on the Bombay coast. 

Polyzoa, — Our knowledge of this group we owe to the labours 
of Annandale (1916) and Bobertson (1921) who gave an account of 
the forms occurring in the Chilka Lake and other brackishwater 
regions and at depths up to 1,000 fathoms respectively. The latter 
recorded the occurrence of Membranipora in brackishwater. 

Eckinodermaia. — During the period under review the Echino* 
derms of the Indian seas received considerable attention. Koehler 
(1927) completed his monograph on the regular Echinoids. Clark 
(1932) gave an account of the Indian Orinoids of the super -families 
Comasterida, Mariametrida and Tropiometrida, and described 
the now Antedonid Rtpomttra arabica from the Arabian sea, 
Bomford (1913) dealt with the deep-sea Ophiuroids from the Bay 
of Bengal and the Arabian sea. Clark (1936) found from his studies 
an increasing poverty of Crinoid forms from the Malay archipelago to 
the Arabian sea and the £. A&ican coast of the Indian ocean, an 
observation which is in accord with those of Ekman (1935) in his 
* Tiergeograpbie *. Setna (1931) made a detailed study of the 
Indian Trickasitr and provided a key to the species, The interest- 
ing new Cidariid, Phyllacanihus forcipuUUus, was recently described 
by Mortensen (1936). Aiyar (1935) studied the early development 
and metamorphosis of the tropical Echinoid, Salmacis hicolor 
Agassiz, in regard to external and internal structures and demon- 
strated the absence of sexual periodicity. 

Annelida. — The foundation for a sound knowledge of the Indian 
marine and brackishwater Polych«ta was laid in the quarter of a 
century after the inauguration of the Indian Science Congrew. 
Southern (1921) described several new forms from the Chilka La^ 
while Fauvel (1932) rendered a comprehensive account of over 300 
species belonging to 30 families of the Indian coastal and deep- 
water regions. He found the coastal fauna richer than the 
sea fauna as roav be expected from the varied conditions of the 
former, and the brackishwater forms peculiax. The best represented 
famiUes are the Aphroditid®, Nereid® and Eunicid® with more 
tlian 35-40 species in each. The Indian fauna does not matenaUy 
differ from that of the Red sea, China seas, and the Pacific ocean, 
many species being cosmopolitan. Augener (1926) ^ve an account 
of the Ovlon Polych®ta based on collections of Prof. Plate and 
others. Bindra (1927) contributed a short study of the ^us 
liuTyOioe based on material collected at Karachi. 
gave an account of the Polychscta of the Krusadai Is. m the Gulf of 
Manaar, while Aiyar (1933) published his studies on the brac^sh- 
water and marine Polych®tes of the Madr^ coast and their 
larval forms. Aiyar (1931) also gave a complete account ot tne 
(Icvolopracnt and breeding habits of the Jladras brackishwater 
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Polychste. M<irphy»a gravtlyi Southen> Of the Hirudinea 
Kaburaki <1921) and Harding (1927) descnbed several interesting 
marine and brackishwater forma parasitic on sharks, rays, globe- 
fish Bombay -duck and mud -turtles. Aiyar and Panikkar (l.MO 
recorded their observations on the swarming Iwbita and lunar 
periodicity of PUUyntnis sp. from the Madras Harbour. T»;ey 
observed an interval of three lunar months between suewssive 
swarms and that swarming took place at maximum high tide 

during new moon. _ . . ... 

Our knowledge of the Echiuroids and Sipunculoids 
of Indian waters is due almost entirely to the researches of 
Annandale and Kemp (1015). of Prashad (1919. 1935). and of Awuti 
and Desh panda (1935), several new and interesting forms having 
been recorded within the last quarter of a century. 

i^ycnogonido.— The Indian littoral forms wore .studied by 
Caiman (1923). Seventeen species were recognized of which ten 
proved to be new. Since Caiman’s report on this collection Raj 
(1927) described a new species &om the Krusadai I. 

Crusfoceo. — In regard to this group several notable advances 
have been made as a result of the labours of research workers 
stationed in India. In a period of about twelve years, Kemp 
(1914-1925) contributed an important series of papers on the 
Decapoda and Stomatopoda dealing with various marine and 
brackishwater forms of the Indian coasts, estuaries, and back- 
waters belonging to the families Hippolytids. Crangonide. Hymeno- 
Bomatidae, Disciadide, Palsmonids. Ocypodidse. Pasiphsidae. 
Stylodactylidce. Rhyncbocinetids, Pandalidae. and Anchistiodidas 
in which are included species of the most varied habits. Kemp 
(1916) recorded for the first time two genera of Cumacca Ophinot 
and Paradioilylis from brackish and fresh waters in the Chilka 
Lake. He was also the first to show that the curious resemblance 
of certain estuarine Caridean species inhabiting the bod of the 
Matlah river in Lower Bengal to certain deep-sea forms belonging 
to the family Kematocarcinids was due to the similarity in the 
physical conditions of life. The interestiog associations which 
members of the sub -family Pontoniins form with other marine 
animals of the groups Porifera. Coelenterata, Echinodermata, 
Lamellibranchia. and Ascidiacea have been dealt with in detail. 
Chopra (1923) contributed a monograph on the Bopyrid Isopods 
parasitic on Indian Decapod Macnira. discussing their affinities 
xvith those of the Atlantic coasts of America. He (1939-1935) 
also contributed several articles dealing with certain new forms of 
Hymenosomatid crabs from the Indian coasts and backwaters, 
and with Decapod Crustacea living in the cloaca of Holothurians, 
and enlarged our knowledge of the Stomatopod and Decapod fauna 
of Sandheads at the mouth of the Hughli river. Odhner (1923) 
described certain Stomatopoda from Ceylon and revised certain 
genera of Xanthid crabs of the Indo-Pacific area. Menon (1933) 
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described the life -hist ones of the Madras Decapods belonging to 
the families Sergestidse, Callianassids, and Hippids. Our know- 
ledge of the Indian Azuphipods^ Isopods, Mysids and Tanaidacea 
within the last quarter of a century we owe to the researches of 
TattersaU, Chilton, and Barnard. Tattersall (1914) recorded the 
occurrence of the only known Mysids in India — all from brackish- 
water — belonging to 3 distinct genera, one of which, namely, 
lndomys\9^ proved to be new. He (1922) gave an account of the 
Indian Mysidacea from the Gulf of Jlanaar and the Andamans and 
pointed out their Mediterranean affinities. Chilton (1920) recorded 
the occurrence of the marine Amphipod, AmpelUoa (known 

till then only from Norway, Australia, Ceylon, and the Chilka 
Lake in India) in the Ganges as far high up as Buxar, 500 miles 
from the sea. Barnard (1935-36) made considerable additions to 
our knowledge of the Indian littoral, deep-water, and brackishwater 
Am phi pods, Isopods, and Tanaidacea. He recorded the surprising 
occurrence of the Arctic Isopod Atga ven/roaa and several other 
N. Atlantic forms such as SympZewa/w grandimanuSj Thoriella 
and K<yroga 7ntgal<yps in the Arabian sea at great depths. 
In regard to the Indian barnacles there has been no substantial 
increase in our knowledge since Annandale (1914) published his 
studies on the genera Scolptllutns lAthotry<it Oxyruispi^, Altpas, 
and HeieroUpas, representatives of which were recorded from the 
Burmese and the Baluchistan coasts. The same author (10^) 
contributed a study of the Cirripedes associated with the Indian 
corals of the families Astraeids and Fungid©. Sewell (1926) pub- 
lished an interesting and valuable paper on the variation in the 
external characters of the various so-called species of Lithofrya 
and showed that the species were only stages in the growth of, or 
varieties and I tfe- phases of a single species, e.g. L. nxccbanca, 
Monod (1934) gave an account of the comparatively little known 
copepod Panaitfis incamerata Stebbing which is of common occur- 
rence as a parasite in the buccal cavity of Trocku3 ntloitcvs m the 
Andamans, but the most striking and single largest 
any group of the lower Cnistacea was by Sewell (1929-1932) who 
gave a detailed account of the surface-living and mid- water Copepods 
of the Indian seas. He was of the opinion that much of tlie apparent 
difference between surface and littoral Copepod fauna of the Indian 
and Atlantic oceans was due to lack of knowledge, and such dU- 
ferences as exist were to be attributed to the presence in 
of indigenous forms evolved in that area and to the total absen^ 
of connecting passages between the tropical or 
of the Atlantic, the Pacific and the Indian oceans. He 
to trace the mathematical relationships between the 
stages not yet proved by actual breeding. He also drew atw 

to the fact that two sexually mature groups ^’‘'.“".J^VXnoida 
the same morphological species occur commonly in Calano.da 
and Harpacticoida in Indian waters particularly in the coast 
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and Uttoral regions around the mouths of the ^at nvers and 
liTine in the same locaUty and under the same conditions of salinity 
and temperature. The difference between tlie two groups is only 
in size, and differences in structure such as exist are so -dight as 
to he of no value for purposes of separation into distinct species. 
SeweU was of opinion that dimorphism occurs in various spci’ics 
ill both sexes. In regard to growth he showed that the Copcpojla 
follow Brooke’s Law by which growth increases at each moult >y 
a fixed percentage of its length which is constant for the sex and the 
species, subject only to variation in growth-factor due to the 
influence of the environment. 

Molluaca.—ln regard to this phylum the pi^riod under rovjcw 
was one of considerable advances in our knowledge of the fresh- 
water forrns^ nevertheless some notable contributions have been 
made on the marine and brackishwater mollusc fauna. Tlie 
Cepbalopods of the deep-waters collected by the ‘ Investigator ’ in 
the Bay of Bengal and the Arabian sea were reported on by Massy 
(1916) and included such interesting forms as BathyUuii9 abijssicola 
Hoyle from a depth of 2,000 fathoms and Sepia arabica Massy 
from the Laccadive sea and the Persian Gulf. Hobson (1920) 
contributed a valuable monograph on the Octopoda dealing with 
several species from the Indian seas including Ceylon, Laccadives, 
Maldives, Andamans, Mergui and other coasts of Burma. Th© 
molluscs of the Chilka Lake and the backwaters and estuaries 
along the Indian coasts were described in a large series of papers by 
Preston (1914-15). Annandale and Kemp (1910-1023), and 
Prashad (1927). Homell (1916- 101 7) publislied a revision of the 
Indian 2ItTtir\x and discussed the position of the Indian varieties 
and races of the conchsbell of the genus Turbxnellck (now Xanchus) 
which are divided into 2 forms — the ancient acuia form incUidingf* 
the vars. /va^, globosa^ and comorintnsi4 and the typical ebinea 
which is a dive^ent and ebauged form. The var. attained 

specifle rank by isolation hrom the amia form. The distribution 
of these varieties is peculiar. The var. obfxua is found in Palk 
Bay and on the coasts of India only north of Adam’s Bridge, while 
acxUa is distributed along the coasts of the Gulf of Manaar. The 
vars. globoea &nd comorinenais are confined to the deep and shallow 
waters respectively of the extreme south of the Indiat) peninsula. 
^^redenbu^g (1917) gave an account of the peculiar variations of 
the aperture of Pleurotoma cengentr from the Andaman sea at a 
depth of 185 fathoms, and of the peculiarities of distribution of the 
members of the family Doliidse. He (1919) showed also that DcHium 
(now Tonna) maculaium (Deshayes) and D. {Budolivm) tt$stUaium 
Bruguiere were distinct species, although the latter may be regarded 
as Eudclium when immature and IkHium s. str. when full-grown. 
D, U4$ellatum does not extend further west than the Eastern 
portions of the Bay of Bengal while D. maculaium does not extend 
further east than the Malay islands but is widespread in the Arabian 
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sesi. Prashad (1927) described the new deep-water Pyrulastwtlli 
from the Laccadive sea (180 fms.) with a distinctive minute sculp- 
ture. Wi nek worth (1928-1929) contributed several articles on the 
marine raolhiscs of S. India and Ceylon, chiefly the Chitons and 
Limpets. He (1933) described Acantkochiiona pentiWTu from holes 
bored by bivalves on the shell of live Trockus nihticua in the 
Andamans, a form that bridges the gap between Acanthochitemu 
and tlie Cry})toplacin», The Indian Oysters were the subjects of 
detailed study during the last quarter of a century. Moses, and 
Awati and Bui. published accounts of the life-history and anatomy 
of the common edible backwater Oyster, Oatrta virginiana (0. ara- 
kan^nais Sowerby according to Winckworth) var. tnadrasenaia and 
the Bomba>' 0>'ster, Oatrfa cucuUata respectively. Prashad and 
Bhnduri (1933) discussed the systematics of the Indian pearl oysters 
of the genus Pinclada, while Rao (1936) studied tl)e morphology 
of the Indian midibranch. KaUitga ornaia. The gro^vth of molluscs 
of the Indian seas was latterly the subject of study by Sewell 
(1924) and by Kao (1936). The former gave an account of his 
observations on growth in Littorhia, Pyrazus and other forms of 
marine molluscs, while the latter dealt with in some detail the rate 
of growth, longevity, and habits of Trockua niloticua, the shell of 
which is a product of commerce in the Andaman islands. Some of 
the molluscs doing damage to the shell of Troehua niloticua were 
described by Prashad and Rao (1933), and Winckworth (1928‘29, 
1933). , 

Tunicata and Ctphalochordata.^Oka (1915) described a 
number of interesting Ascidians from the deep- waters of Indian seas. 
Among those were the rare large Appendicularian Megalocercus 
Chun previously known only from the Mediterranean, and the 
simple Ascidian Hexacrobylua indicna from a depth of 1912 fathoms. 
The only known previous record of this latter aberrant genus was 
//. paammodea collected by the Siboga Expedition. Oka showed 
clearly that the division of the Ascidians into simple and com- 
pound forms was highly artificial. The curious genus of simple 
Ascidian. Memobotrynua Oka, has for insUnw its nearest relations 
among the holostomatous compound Ascidians and forms a link 
between the Styelidse and the Polyatyelid», Oka also recoM^ 
for the first time the occurrence in the branchial sacs of two 
different species iPolycarpa annandaUi and Aacidia wuleyi) o 
commens^d maemrans. The Indian Monascidian, Herdmanta 
{Rhrrhdocf/nihia) pallida was the subject of a monograph by Uas 
( 19.30). The Salps of the Bay of Bengal and the Arabian sea were 
dealt with in detail bv Sewell (1920). Prashad (1934) gave an 

ac count of the Cephalochordates of the genera Branch iw/oma and 
Asammrfron from the Indian coasts along the Bay of Bengal and 
of AManaar and described the new sikws, B. 
allied to B. elongatum from the coast of Tutioonn but 
from it in tlie mi^tome formula, the form of the fins, and in the 
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absence of eyes. Franz (1025) proposed an exhaustive 

revision of^the Cephalocliordate genera Branehiostoma and 

^^^”v^Zata (PiscM).— The only comprehensive at.idie.s under- 

t-Aken in the period under review were those of 
j fishes bv Norman (192K) and of the fislics of the 

ewfka Lake by Chaudiiuri (191&-1923) and Hora (l'.»23). The 
Indian Torpedinid fishes received some attention at the Ininds of 
Prashad (1^). A monograph on the common Imiian h>hark, 
SeoZiodon, by Thillayampalam (1928) and a defiled -study of the 
skeletal morphology of Otolitkua ruber by pharmarugan (lUSfp 
formed important contributions to the study of Indian fishes. 
The papers of Fowler (1033-37) on the littoral and shom-fisl. fauna 
of W India Bombay coast and Ceylon, of Hora (1924) on certain 
interesting forms of fish of the genera Amblyotnjpauchtn and 
from the Sandbeads at the mouth of the nver Hughli, 
and of Hora and Mukerjee (1936) on the Indian Synguathida from 
the Andamans and Mcrgui and on the fishes of tiic Tavoy coast of 
Burma were valuable additions to the faunistic studies ot fcl^o 

Indian littoral fishes- ... , 

In regard to other classes of marine Vertebrates there have 
been no substantial additions to our knowledge. The occurrence 
of QavialU gangtlxcu^ in the Clulka Lake, and of CrocodilM poroa^ 
several miles out at sea at one end and up to the tidal limits of the 
larger rivers at the other has been recorded by Malcolm Smith 
(1931). The eggdaying and other habits of the Oylon marine 
turtles, Dtrmochtlya coriacea, Erttmochtlya imbrienta^ Chclon\^ 
mydaa and Carelta cardia dxvaaa have been elucidated by Dorani- 
yagala (1930), while the skeletal characters of BaUienopUra cdtni 
Anderson from the Burmese coast near the Gulf of Martaban were 
described by Andrews (1918). 


V. Helminthology. 

The study of Helminthology in this country may be said to 
date from 1869 with the publication of Cobbold’s reports on the 
helminthic parasites of horses, elephants, and dolphins. Giles 
(1892) described helminths from sheep and mules while Lin stow 
( 1904 — Og) reported upon helminth collections from the CJolombo 
Museum. All these materials were, however, collected in India for 
European specialists, but the first work done in India was by Evans 
(1908-10) who reported upon the helminthic diseases of elephants 
from Burma. Later, Mitra and Ganguly (1915) studied in India 
canine filariasis and QiuUKoat<mui in Cats. X^eese (1911) reported 
on the tapeworms of camels and on the occurrence of Bilharziosis 
in these animals, while Gough (1911) discovered a sub -family of 
Cestodes without yolk glands. Lane's observations on Ancylosto- 
miasis in certain parts of India and on the suckered round- worms, 
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and liis descriptions of new genera and species of round -worms 
from Indian elephants are of great value. Stewart (1914) in his 
studies on Indian Helmintholog 3 ' described a number of Nematodes. 
Gaiger's (1910-16) check lists of the animal parasites of domesticated 
animals are useful contributions to the study of Indian Helmin- 
thology. These studies, although mainly of a morphological nature 
include obsen'ations on the larval stages of the parasites as in the 
papers of Stewart (1014) on Indian nematodes etc., and of Dey 
(1909) on a case of Coenume infection in the goat. 

The great European war marked the beginning of a new era 
of helminthological research in India. Lei per, as head of the 
Biiharzia Mission, drew the attention of the Government of India 
to the cases of Schistosoma infection among Indian troops returning 
from Egypt and Mesopotamia and stationed in Hyderabad (Deccan), 
and to the possible spread of the infection to other parts of India. 
A few cases of Schistosoma infection in 1924 in Chinese coolies 
working in the Bawdwin silver mines in Burma also directed atten- 
tion to the possible spread of Schistosomiasis from the Far East 
into Burma. Kemp and Gravely (1920) examined a large number 
of larval Trematodes from various species of freshwater Gastropods 
in selected localities in India, but found furcocercous larv® of the 
Distome group as a natural infection only in two species of 
Gustropoils, and these larv» did not in any of their features agree 
with those found in cases of human Schistosomiasis. Infection 
experiments on Indian molluscs carried on with miracidia of human 
Schistomiasis gave negative results. Soparkar (191S-22) in the 
course of his studies in Bombay discovered cercarie closely resembl- 
ing those of human Schistosomes which were later proved to be 
those of the cattle Schistosome. The same author traced the life- 
history of a larval Trematode from the Anopheline mosquito to 
the fish -trematode Clinosiomum, Sewell (1922) published a mono- 
graph on Indian Cercari®, and suggested that Distomes were 
evolved from Monostomes, a view which as knowledge of the 
group advanced had to be abandoned. As a result of comprehensive 
studies of the excretory system in cercari® he (1930) advanced 
the view that the furcocercous cercari© were of polyphyletic origin, 
and tlie evolution of the Monostome by the suppression of the 
acetabulum has occtirred on more than one occasion and in different 
lines of evolution. Bhalerao (1932) drew attention to the pro- 
bable infection of man and domestic animals by species of iso- 
parorchis, and recorded the occurrence (1934) of Schistosoma japonu 
cum in Indian pigs, which, if confirmed, would bring into prominence 
tlic question of the spread of the infection from pig to man through 
some suitable intermediate host, do Mello (1936) directed atten- 
tion to a case of urinary Schistosomiasis in Portuguese India where 
ova of S. hfxmotobium Vere found in the urine and faeces. Some 
local mollusc such as Melanoidts iuhtreuiatus or Lymnaea InUola 
is believed to have acted as the secondary or eventual intermediate 
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Sees orm^cidiid attraction followed by penetration m regard 

SthSrt?sIh\TorW^^ Medicine, and from tl.o 
fact that considerable research on the taxonomy and 
of helminths is being conducted under the auspices 
in India. Among the Universities pursuing studies 
may be mentioned Rangoon. Luc^ow, Al^rb, 

NaOTur. The results of these studies have bwn publish^ n wcll- 
rec^ized scientific journals and periodicals both in India and 

*'*’'°In the present article only passing references are made to the 
veterinary and medical aspects of helminthological studies as these 
are dealt with more fully and appropriately in tlio sections on 
Veterinary and Medical Sciences respectively of this work. 

Trenwloda.— By far the largest volume of work has been 
published on this group. The Dicrocoelid parasites from domestic 
animals have been reported on by Ware (19^>- 
recently supplemented by the studies of Bhalcrao (1936-37) on 
this and other families of Trematodes. The families Upoder- 
matid«, Spirorchid®, and Lccitbodcndriid®, and the sub -family 
Pleurogenctin® have received considerable attention at the hands of 
Mehra and his colleagues (1931-1936). They have suggested 
revised classifications of some of these groups and indicated the 
probable phylogenetic relationships. Verma (1930) has studied 
the genus OpietkorchU and several new parasites of the family 
Bucephalid® found in water-birds. The Trematode parasites of 
fishes and frogs and the systematic position of some of the new 
forms described have been dealt with in a series of memoirs by 
Srivastava (1933-1936). The seasonal variation and maximum 
frequency of infection of several of these parasites have also been 
studied by the same author (1934). The Indian Eebinostomatid 
genera, Bchi7iochasmv4 and EpUtAookcsmiu have been fully de- 
scribed by Verma (1935). The digenetic Trematodes of the genera 
Lecitkodendrium and Mewdendrium parasitic in Microebiroptera 
have been dealt with by Pande (1935). The genus Cyciocoelum 
was recorded for the first time in India by Khan (1936) who 
described several new forms and provided a key to the Indian 
species. Moghe (1932) and his colleagues at N^pur have recorded 
the occurrence of some interesting forms of Eckinostomum and Pora* 
memosUmum from Indian birds. 

The Lucknow School of Helminthology under the direction of 
Thapar has greatly assisted in the systema^c identification of 
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helminth parasites of various animals. Tbapar ^ has recently sum* 
marized the results achieved by this school in a small brochure 
entitled ‘ Parasitic Worms and Disease * published under the auspices 
of the Lucknow University. The relationships of the sub-families, 
Spirorchinae and Hapalotremins^, and of the families AUocreadiids 
and Heterophyids, the probable course of evolution of the family 
Psilostomida from AJlocreadiid®, and the polyphyletic origin 
Echinostomes have been discussed by Thapar, Dayal and Lai in a 
series of papers (1933-1936). The value of different characters in 
tlie classiheation of Trematodes have been recently discussed by 
Lai (1937). Vidyarthi (1937) and Lai (1934-1937) bave made 
valuable contributions on the Trematode parasites of Indian birds. 
Harshey (1937) has given a key to the genera of Opecoeline and to 
the species of Opegaster, Fande (1937) has discussed the systematic 
position of the new bladder fluke, Pkyllodislomum almorii, from 
Rana cyanopklyctis^ In Madras the Trematodes of domestic animals 
have been studied by Rao, who described new species of Cercari$e 
and reported on bovine nasal, and canine Schistosomiasis in Madras 
(1933), and recorded the occurrence of Paragonimus in dogs In 
certain parts of Malabar and Coimbatore (2935). Fernando (1932) 
has recorded his observations on Mtsocoelium and Haplorckis from 
Ceylon. 

Cestoda. — The Cestode parasites of birds and fishes have been 
studied by Southwell since 1911. who, in addition to publishing a 
series of interesting memoirs on the subject, has contributed two 
volumes on the Cestodes in the Fauna of British India scries 
(1930). Meggitt's careful studies of the taxonomy and life -history 
of Indian Cestodes have materially advanced our knowledge of the 
group. The Helminthological Institute of the University of 
Rangoon owes much to his efforts. The Host-specificity theory of 
Meggitt (1934) was shown by him to be inapplicable in the case of 
the Cestodes. Recent work by other investigators in India supports 
his views in certain other groups of helminths as well. The tape- 
worms of dogs in the Punjab were studied by Sondhi (1923), while 
Aggarwala (1925) reported an unusual location for Echinococc^ 
cysts in the body of the sheep. A new Monopylidium and certain 
other new Cestodes were described by Moghe (1925-1933) from 
Indian birds and reptiles, while Gulati (1929) gave an account of a 
new Dipylidium. Johri (1931—1935) and Inamdar (1033-1934) 
are among others who have made important contributions on the 
Cestode parasites of Indian birds. Woodland (1923-1920) con- 
sidered the Caryophyllseidae as a primitive group of Ostodes, 
whicJi was contrary to the views of Lonnberg and others who 
regarded them as secondarily monozootic, and showed that their 
affinities were with the Gyrocotylidas. Verma (1926, 1928) de- 
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«nrihed several new forms of the order Tctraphyllid® and the family 

Proteocephalid*. Thapar recently 

fhfLt EMnococcu3 cyfita simulate those of Coenurjs. MalKani 
fl9331 has investigated the problem of evagination of the scoliees 
of ?frval Scorns and found experimonUl cvul^Kc for the 
fact that the*^ process of evagination .s helped 

Bhalerao (1936) reviewed the known species of AulelUnn and 

^“"''^e^Mlo^^-Much work on parasitic Nematodes has ’>^7 ‘>onc 

by pathologiste in India among whom may 1 «f 

Stowart, Chandler, Maplestone and others. Our knowledge 
Ancylostomiasis, Aseariasis, and Filariasis are due. in 6 '^“* P , ■ 
to their efforts. The Rockfeller Foundation In 

sponsored research work along these lines. ^hMther (1919 and 
mO), Boulenger (1920-1924). Ware (1924) and Chandler rccori ed 
their observations on several forms of Nematodes from cattle, 
elephants, and other animals. Thapar (1924-1925) described several 
new species of Kiluluma , he discussed the relation between the 
spicules and vagina in Oesophagoatomum and modified Ooodey s 
formula with a view to make it generally applicable to all members 
of the group, and to make it useful in distinguishing various specieB. 
In an important paper, Thapar (1923) has added considerably 
to our knowledge of the taxonomy of Nematodes. He demonstrated 
the presence of spines resembling rose^thoms in form in the oeso- 
phagus, and of intestinal diverticula in Scfiin</pharynx. In the 
latter feature the genus pcscmblee certain members of tlie family 
Ascarid*. In the Oxyurids parasitic in reptiles the same author 
demonstrated the presence of cilia guarding the excretory pore of 
certain forms, and showed that the group, far from being primitive 
as was believed by Seurat and others, is a highly specialised one 
and has attained simplicity through degeneration. He also pointed 
out that the difference between and Th^Unidroa 

lies mainly in the character of the genital papillc, and established 
the new family, Labiduridse. The Nematode parasites of various 
species of Vertebrate animals have been studied by a number of 
workers in India. The publication of a volume in the Fauna of 
Brituh India series on the Ascaroid and Strongyloid Nematodes 
by Baylis (1936) has served to bring together the scattered litera- 
ture on the subject, a reference to which will be found to be indis- 
pensable by every student of Indian Nematoda. BaTsikar (1026) 
reported on the occurrence of guinea- worm in domestic animals 
from certain parts of the Bombay Presidency. Mirza and his 
associates (1930-1936) have described a number of new Nematodes 
Indian Vertebrate hosts. Among these, .DiserrtUosomu^ 
Mirza (1933) from the mongoose is of interest in that it is claimed 
by its author to be a connecting link between Nematodes and 
Acanthocephala. Maplestone (1930-1931) and Bhalerao (1932- 
1935) added considerably to our knowledge of the Nematodes of 
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the domestic animals, while the former recorded several species 
occurring in wild animals acclimatized to the conditions of the 
Calcutta Zoo. Kulkami (1935) recorded a second species of Pro- 
camallanus from India from a Siluroid fish, while Pande (1935) 
recorded Pycnoporus for the first time in India and provided a key 
to the species known. Patwardhan (1935) described a new Oxyurid, 
Latibuccana from the squirrel. Since Carter published his observa- 
tions on Draeunculits of Bombay very little work has been done on 
this genus in India, hut Mirza (1929) has cleared certain points in 
regard to the anatomy of Dracuriculus. Iyengar (1929) gave an 
account of the Nemat^es parasitic in the Anopheline mosquitoes 
of Bengal and Karve (1930) those in frogs and toads. Rao and 
Iyengar (1932) have demonstrated the interesting process of 
emergence of Filar ia larv» through the extreme tip of the labella 
of Oulex fatigans without any stimulus from mechanical pressure 
or from heat. The Nematodes parasitic in plants seem to have 
received very little attention in this country. Butler (1919) dealt 
with the rice -worm TyUnchw angustxu, and more recently Dastur 
gave an account of the nematode disease of rice due to AphtUn- 
choidt3. Free-living Nematodes seem to have attracted still less 
attention. E.xoepting Carter’s incomplete accounts (1856-1859) 
of the free-living forms in brackish- and freshwater areas of 
Bombay, and Stewart’s (1914) report on the free-living Nematodes 
of Chilka Lake there are no references to this subject in Indian 
zoological literature. 

^can^AocepAoZo,— The short summary of Indian literature given 
here on this interesting group of parasitic worms indicates the 
wide scope for work in this country, and the necessity for 
a natural system of classification for the group. Thapar 
suggested a tentative classification which, according to him, would 
admit of the inclusion of a large number of known forms. His 
classification was adopted in part by van Cleave (1928) who» m 
reporting on the Indian Acanthocephala. erected the families 
Pullisentid® and Hcbesomid* unaware of Thapar’s \ crina 

(1929), Subramanian (1927), Thapar (1930), Bhalerao (1931) and 
Datta (1928-1936) described a number of new forms from India 
and Burma, and brought forward evidence to show that some ol 
the characters on which Thapar based his classification of Acantdo- 
cephala are sound. More recent work on this group m Western 
countries also lends support to their view. ■ j ai^ 

In a recent review of the study of Helminthology in India 
Thapar (1937) has suggested the application of accurate nomencla- 
ture and the selection of suitable types of helminths for study m 
our Universities and colleges teaching Zoology. this ^o^tho 
author has also given some of the references to Helminthology m 
ancient Indian literature. , . 

The investigations now in progress at Lucknow on the heimi^ 
thic infections of domesticated animals in India under the auspices 
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of the Imperial CouncU of Agricultural Research 

to with i^rest as the results would be of value to the wliole of 

agricultural India. 

VI. CONCHOLOOY. 

The foundations of the study of Indian Conchology 
in the latter half of the nineteenth century by a host of 
workers in India among whom mav be mentioned Hutton, Benson, 
Te Z^rd brothers® Stoliczka.- Theobald Beddome, Godwin- 
Austen, the Nevill brothers, and Smith. With the retirement of 
most of these notabilities from service in India the study of Concho- 
logy so well started by this band of pioneer workom came practically 
to®a standstill. But the work of Blanford (W.T.) and God"*"' 
Austen on Indian Mollusca continued, resulting in the publication 
of the first volume of land molluscs in the Fauna of Bntxth India 
series (1908). A separate periodical publication entitled Land and 
FrtahualtT Molluata of India by Godwin-Austen which was issued 
as a supplement to the welUknown Conch<^ia Indkca by Hanley 
and Theobald (1870-1876) was discontinued in 1920. 

The revival of intensive work on Indian Conchology camo 
about in 1910 when Annandale caused the collections in the Indian 
Museum different parts of India to be studied by Preston, 
Fleure, Gude, Godwin-Austen, Kobelt, Ghosh and others. Preston s 
studies of Asiatic Unionid* (1912) were followed by the 
volume (1915) on Fwhwater Gastro|^a and Pclecypoda of India. 
Two more volumes in the Fauna aeries by Gude appeared in 1914 
and 1921. It may be mentioned hero that all the work connected 
with these volumes was done outside India, but a few faunistic 
reports by Annandale, Kemp and Prashad on molluscs from estuarine 
waters in the Gangetic Delta, the Cochin Backwater, and the 
Chilka Lake were, however, published in this country. 

The study of Mollusca in India from the conchological and 
malacological points of view was, however, commenced for the 
first time in India by Annandale (1918) who studied the molluscs 
of the Inl4 Xjake in Burma from various points of view. The 
relation of the individuals of the species of molluscs to their environ- 
ment, the inherent plasticity of certain species found living there, 
and the probable origin of the molluscan fauna in that specialized 
lake were some of the points discussed by him. About tho same 
time a survey of the Indian freshwater Mollusca with a view to 
investigate the possibility of their acting as vectors of human 
schistosomiasis was undertaken. The materials that were collected 
in the course of the survey formed the subject of a series of reports 
on various Emilies of molluscs by Annandale, Prashad, Sewell, 
and Kao. As a result of these studies our knowledge of the syste- 
matics, distribution and mutual relationships of the freshwater 
molluscs of India is probably as detailed as that of any other part 
of the world. Among the contributions of value on the taxonomy 
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and morphology of Indian Gastropoda as a result of these intensive 
investigations are those of Germain (1921-1924) on the Planorbidae, 
of Annandale (1918-1924), Sewell (1921), Prashad (1928) and Rao 
(1925, 1928, 1929) on the Viviparid®, of Prashad (1925) on the 
Ampulla Hid®, of JRao (1923, 1924, 1925) on the Planorbid®, 
Succineid®, and Lymn®id®> and of Seshaiya (1932) on the 
Melaniid®. The structure of the mantle which is concerned in the 
production of a highly varied ornamentation on the surface of the 
shell in certain members of the Vivipandse was investigated in 
great detail by Annandale (1921, 1924) and Prashad (1928). 

The morphology and taxonomy of freshwater Pelecypoda were 
investigated chiefly by Ortmann, Prashad, Ghosh, and Haas. The 
details of the morphological work will be referred to in the section 
on Morphology » and it is only necessary to point out that the 
contributions of the first two authors are of importance in evaluate 
ing the relationships of the Indian genera. 

Although a reference to the Moll u sea of the extra -Indian regions 
such as China, Japan, and the Dutch East Indies would be out of 
place here, the close relationships of certain groups of Indian 
AloUusca to those of the areas mentioned lender it desirable to 
make a passing mention of the work done in India on extra-terri- 
torial material. Annandale 's papers on Chinese and Japanese 
freshwater Molluscs, and Pra shad's contributions on the Mollusca of 
the Dutch East Indies are of this nature. 

VII. CARCmOLOGY. 

The progress of marine and brackishwoter Ca re in ology during 
the last 25 years has already been referred to in the section on 
Marine Zoology of this account. It now only remains to point out 
the lines on which research on freshwater and terrestrial Crustacea 
has progressed, 

Greater attention seems to have been paid to the Entomostraca, 
Isopoda and Amphipoda, while the Decapoda received scant 
attention. Southwell (1916) and Southwell and Prashad (1918) 
described the Cope pod and Isopod parasites of freshwater hsh. 
Gurney (1919-21, 1930) wrote short papers on the Branchiopoda, 

and enumerated the species of Entomostraca occurring in Seistan 
and the Baluch- Desert. Biir (1925) described the Cladocera ot 
C'evlon. Kieffer (1923) and Lindberg (1935) published some no^s 
on* tlie C'opepoda Cvclopid®, and Chappuis (1928) on the 
Hariaicticid®. Raj (1923) described a new copepod paras^e oi a 
freshwater fish and Steuer (1934) two new copepods from Burma. 
The Ostracoda have received ver^' little atl-ention, and the omy 
contribution to our knowledge of this group has been that oi 
Klie (1927). 

Collinge (1914-1916) described the Isopod a of the Abor country 
in Assam and established several new genera and species from other 
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parts of India also. Tattersall (1021) dealt with tho Isopods of 
Tale Sap and other Asiatic lakes, in the .^rics of papers cnt.tled 
•ZooloBieal Results of a Tour to the har Last . Lliopra (1030) 
eare an account of the Bopyrid Isopods that are alnue^t or entirely 
^shwater, and of the terrestrial Isopods of the .Siju .-ave in As.su m. 
The interesting myrmecophilous Isopods of Barknda Isinnd in tlic 
Chilka Lake were described by the same author (1 .1-4). \ orlnicff 

(1936) has published an account of several South Indian tcnvstrml 

'^'’^considerable amount of work has been done on tlic Amphipodu 
also. Tattersnll (1914) recorded the occurrence of tlic 
and widely distributed Gawmarus pvlci at a licight of lo.OOO feet 
above sea'ievel in the Pamirs. He was also the uutlior of a numlx-r 
of papers on the Abor Amphipoda (1921), the Far East Ami.hipoclu 
{1922) and some freshwater Amphipods from the Andnouin Jnlanda 
(1925) Chilton (1923) described the blind Amphi|>od, I\iphargu3 
indicTU, from a coal mine in Bengal, while eight years later 
Stephen sen recorded this very form from a seepage spring under 
the generic name, Ntoniphargus. 

Kemp's contribution to our knowledge of the Decapoda is tlio 
most ou tstanding . I n a J a rge nuni her of his papers (1017-1 924 ) tha t 
deal mainly with marine and estuarine forms, a number of species 
that are at least partially freshwater have also been included. 
He gave an elaborate account of LiaiuUr 9lyli/erti4 and its related 
forms, several of these being almost exclusively freshwater. A 
partial revision of the Atyid«, a family that is restricted more 
or less exclusively to fresh waters, was suggested by him. He also 
revised the Hymenosomatidae, some of the forms dealt with being 
found in fmhwaters also. In 1918 be gave an account of the 
Decapoda of the Inl6 Basin in Burma, while in 1919 he revised the 
crabs of the subfamily Scopimerins. Most of these crabs are 
estuarine, but a number of species invade waters that are, almost or 
quite, fresh. In 1924 be described a new Pal(B}ru>n with con* 
siderably reduced eyes from the Siju cave in Assam. Roux (1931) 
gave an account of some freshwater Decapods from Mysore and the 
adjoining parts, and also described a new Caridina from Ceylon. 
Chopra and Das (1930, 1935) published notes on Hymenosomatid 
and Potamonid crabs occurring in fresh waters of various parts 
of India. 

VIU. Entomology. 

With a great variety of climatic and physiographtcal features, 
of forests, and of cultivated crops in India it is to be expected that 
the Insect fauna will be extremely rich and varied. The progress 
of our knowledge of the Insects was at first slow, only a thousand 
species being known from India up to the end of the 18th century. 
But the monographs of Niceville, Atkinson, Wood -Mason, 8winhoe, 
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Dudgeon, Hampson, Green and others on various groups of Insects 
published during the last quarter of the century bear evidence to 
tlie fact that the Insect fauna of India attracted considerable 
attention amongst European workers stationed in this country. 

The recognition of the value of Entomology to India by the 
Government resulted in the appointment of Entomologists to the 
various scientific institutions in this country such as the Indian 
Museum, the Imperial Agricultural Research Institute, the Forest 
Research Institute, and the Provincial agricultural and medical 
research institutes. The volume of work done by these institutions 
within the last fifty years can be judged from the innumerable 
catalogues and other works on various groups of Insects that have 
been published from time to time. In addition, detailed systematic 
work has led to the publication of monographs or a series of papers 
such as those by Fletcher on the Microlepidoptera, by Beeson on 
the beetles of the families Scolytidtt, Platypodidae and Ceram by cid«, 
by Sinton on the Sand-flies {Phlthoiomu9), by Awati, Patton and 
Senior- White on Muscoid flics, and by Puri on the Simulidee. 

With the inauguration of the Fauna of India scries 

under the authority of the Secretary of State for India the need 
for a consolidation of our knowledge of the Insects of this country 
bad been met, and by about the last decade of the 19th century 
some of the volumes on the Insecta (Lepidoptera, Coleoptera, and 
Rhychota) in the Fauna series had begun to appear. If the number 
of volumes published be taken as a measure of the progress in 
Entomology, it vnW be seen that up to 1014 a score of volumes 
dealing with moths and butterflies (Lepidoptera), l)ecs, wasps and 
ants (Hymenoptera), bugs (Rhychota) and beetles (Coleoptera) 
liad been published, whereas within the last quarter of a century 
twenty -three volumes have been added to the series. Of these, 
twelve have been devoted to the single order Coleoptera by Marshall, 
Arrow, Andrewes, Cameron, and Maulik, one volume each to the 
Acridiid Ortho ptera and the Sphingid Moths by Kirby and by Bell 
and Scott respectively, two volumes to the Rh^mchota (Homoptera) 
by Distant, two volumes to the Diptera (Brachycera) and several 
other families of Diptera by Bninetti, two volumes to the Anopheline 
<ind Cullcino mosquitoes by Christophers and Barraud respectively, 
and tlirce volumes to the Odonata by Fraser. Several other 
volumes now under preparation are expect^l to be published shortly. 
Nearly all the group.s of Insects dealt u-ith in these volumes are of 
great economic importance. A majority of the bugs, beetles and 
locusts, are concerned in the destruction of cultivated plants, the 
blood-sucking Diptera are mastly transmitters of disease (Iklalaria, 
Dengue. Filaria, Plague, etc.) to human beings and their domestic 
a ni nulls, some Coprine and Staphylinid beetles act as scavengers, 
\s'hilc‘ other Insects such as the (?arabi<l beetles and the dragon* 
flics play a beneficent rolo in controlling the numbers of Insects 
injurious to man. later volumes on Insecta in the Fauna 
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series although niAmly systematic in intention include a great 
wealth of information on the general m^pljology, J 

distribution of the groups of Insects with which tlicy deal. Much 
of the information published in India or abr^d is 
porated in these volumes, but there is a great deal, redating to gn ups 
of Insects already dealt with in the older volumes or to those wliicl 
form the subject matter of future volumes, winch has l>ccn publislu^d 
in Zoological journals in India and elsewhere. 

A considerable proportion of this published litem turo relates 
to the groups, Diptera, Coleoptera, Hymenoptera. Rliyncliota and 
Odonata. The other groups such as tlie Thysnnoptera, Orthoptera, 
Neuroptera, and Ephemeroptera have received relatively scant 
attention. A summary of the work done on each of these groups 
would occupy more space than is available, and for the purpose of 
this review it is considered adequate to indicate briefly the trend of 
research which is often conveyed by the title of individual articles. 

Dipftra.Sy far the largest number of pa^rs dealing with 
this group of Insects seems to have been published during tho 
period under review. Brunetti (1914) reviewed the Culicid genera 
and discussed the value of characters used in classification and 
(1915, 1918) gave an account of the Oriental Tipulid® and Syrphid®. 
The Fauna volume by this author dealing with tho Diptera 
Brachycera was published in 1920. The same author made a 
revision of the Oriental Strati omy id® (1023) and of tho Indiaji 
Syrphide, Conopid® and Oestrld® (1925). Alexander (1927) 
published his studies of the Oriental Tipulid® and Folyinit4iroid® 
while Edwards (1932) gave an account of the Oratopogonid and 
Ohironomid flies of ^rkuda I. in the Chilka Lake. Christophers 
(1933) dealt with the Anophelines and Barraud (1934) with the 
Culicines and the non-blo^-sucklng Megarhine Diptera in two 
volumes of the Fauna series. A number of papers on Flies (Muscid®) 
appeared during the last twenty-five years. Townsend (1917) 
described the Rhiniin® giving a key to the genera included in that 
sub -family. Patton and ^nior. White (1924) dealt with the 
Oriental species of Jlfu^ca, while the latter author (1924, 1925, 
1926, 1930) in a series of papers revised the Muscoid flies belonging 
to the sub-families Sarcopbagin®, Rhiniin®, and Calliphorin® and 
gave exhaustive distributional records. The Blepbarocerid® and 
Psyebodid® of the Indian Region have been studied by Tonnoir 
both from the systematic and the biological points of view. He 
(1930, 1932) gave an account of the morphology and metamorphosis 
of the Indian Blepbarocerid larv® aud pup®, and revised (1931) 
the type-material of Bltpharoctra indica and Philonu bionis dis- 
cussing the generic status of the latter. The study of the curious 
Indian Psychodid genera HoraUUa and Tetmafoscepus gave him the 
scope to discuss the origin and evolution of the suckers developed 
in the larv® of these genera and also in those of the Blepbarocerid® 
(1933). He believed that the evolution of the sucker was gradual 
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from the fact thfit in the first stage the dorso -ventral fiattening of 
the body gave a large surface of adhesion, in the next stage a sucker- 
action was brought about on the entire ventral surface by the dorso- 
ventral muscles, accompanied by the development of a pleural fringe 
of hairs to facilitate the retention of the vacuum, in the third stage 
this fringe migrated towards the axis of the body to allow mobility 
and developed into a series of continuous or interrupted oval discs, 
which evolved in the final stage into powerful types of suckers. This 
view was refuted by Hora (1033) who thought that the evolution of 
these forms was from different ancestors and that the superficial 
resemblance between them is duo to eon verge nee in response to similar 
habitats. A more detailed study of morphological adaptations of 
Insect larvae (including various Dipterous and other forms) to life 
in torrential waters was made by Hora (1930). The Indian 
Sirauliid® were studied by Puri (1932) from the systematic point 
of view. The Indian Asiliid Diptera were comparatively little 
kno\vn, and Bromley’s (1935) study of this group is therefore an im* 
portant contribution. Since Bezsi’s monograph of the Trypancids 
(Fruit-flies) very few records have been published in India, and 
the recent account of these flies by Munro (1935) is therefore of 
value. The Itonidid gall -producing midges have been very little 
studied and the series of contributions on this group of Insects by 
Mani (1934, 1935, 1936, 1937) fill up a considerable gap in our 
knowledge. The Diptera which inhabit the sea-coasts seem to 
have attracted very little attention, and a note on the life-history 
and habits of the Metopiid shore-fly, Sarcophila cimrea, by 
Venkatraman (1936) is a useful addition to our knowledge of this 
group. The Diptera Pupipara of the family Nycteribiid® which 
are usually parasitic on bats are a little known group of Insects, and 
Scott’s (1925) studies on the zoogeography and systematics of this 
group are of considerable interest. i i i 

Coleoj)tera.~^A more or less complete review of our knowledge 
of Indian beetles of the families, Chrysomelid®, CurcuUomd®, 
8carab»id» and Carabid®, and of the Clavicomia is to be found 
in the volumes of the Fauna series relating to this group of Insects. 
The reader is referred to these volumes for further information. 
The progress of our knowledge of such of the families of beetles as 
have not been dealt with in these volumes will be summarized m 
thi.s paragraph. Gravely (1916. 1916) has contributed valu^^ 
studies on the stages in the life -hi stories of various beetles 
India and Burma. These deal with the larv®, pup® and adults 
of the Tenebrionid®, Cucujid® and Lycid®. The determination ol 
genera from the characters of the larv® has been discussed. The 
same author (1915) has studied the Lucunid 

to some genera, and published (1918) a revision of the Passalid® 
of the World which is a land-mark in the .study Coleop^ra m 
tins <c)untry. Short contributions on various families of beetles 
liavc Iwcn made, bv Paiva (1919) on the bionomics of the 
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Indian glow-worm, Lamprophorvs (etuhrosus, by Emdcn (1926) 
on tUe Sandalid beetles, by Ochs (1925, 1920) on the Gynn id beetles 
of the plains and of high altitudes, by Kiblero (1930) on the Paussid 
using the male genitalia for the first time as tho criterion 
for classification, by Khatib (1034) on tho biology and life-histor}' 
of the Chrysomelid, GaUru^tila birmanica, and by Paulian (1936) 
on tlie South Indiaii and Ceylonese Aphodiine Lamcllicorniu. The 
publication of two volumes by Beeson in tfie Faunu series on the 
Platvpodid and Scolytid beetles is looked forward to with interest. 

'Htjfntnopftra.—HUl^ is the nc.xt order of Insects winch fus 
received ^‘onsiderable attention in India. One of the earlier papers 
in the period under review U that by Uoliwer (1915) on tlie little 
known Siricoid and Tenthredinoid .saw* flies, but more recently 
Malaise (1934) described the Himalayan forms of the latUT group. 
The equally' little known Bcthylid Hymenoptera were stiulied by 
Miiesebeck (1934) who studied material collected in South India. 
Tlie most valuable contribution to our knowledge of the 
Hymenoptera relates to tlie interesting group of parasitic forms 
known aa tlie Clialcidoidea. Ayyar (1934) recorded the Cluilcid 
genus ComptritUa for the first time in India and described a new 
species ])arasitic on the scale insect, Aspidiotus /aniariiidi, while 
Mani {1035, 1930, 1937) has contributed a scries of interesting 
paper.s on the parasitic Chalcidoid families Torymidae. Cynipidm, 
Seel ion i ds and Chalc ididae . Among these a rc i ncl uded the £n cyrtid 
&’olindenia parasitic in the oothec^e of a Blattid cockroach, and the 
ncu* Eneyrtid, KrUhiierielUiy parasitic on the pulse scale* insect, 
Ctroplaatodes cajani. 

Among the short papers may be mentioned one by Sen (1931) 
which gives an account of the males and females of certain 
Pompihda?, Sphegidse and Apidse, and several others on the habits 
of wasps, bees, and ants published mostly in the volumes of the 
Journal of tht Bombay Nalural His(ory Socitiy, and a paper by 
Dover (1922) which gives a short resume of the progress In our 
knowledge of the Indian wasps and bees. The recent classification 
of the ants ( Fermi cidse) by Emery* necessitated a re-examination 
of the Indian species, and consequently the report of hlukerji 
(1930) on the Himalayan and South Indian ants with this classifica* 
tion as the basis is of value. Among life -histories of Hymenoptera 
which are of interest are those detailed by Mukherji and Bhuya 
(1936) on the Trichogrammid, Chaeio^richa mukerji Mani, and 
by Ayyar (1937) on the carton- building ant, Crtmatogaster doAmi 
or^tfex Mayr. 

RhyruJi^a {Hemiptera), — A large majority of these Insects 
live on the juices of plants, while a few live on the blood of animals. 
This group is therefore of great economic importance as being 
destructive to cultivated and other plants. The monograph on the 
Indian Aphidida by Das (1918) and the studies on the Indian Coccidte 
by Green ( 1919) are among the earliest contributions to our knowledge 
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of this group of Insects in the period under review. Krishnamurti 
(1928, 1930) described the Aphid fauna of Mysore whiJe George 
(1925 and 1927) dealt with the S. Indian forms. SUvestri (1921) 
gave an account of the interesting termitophilous bug Termitupkis 
annandaUi which was the first record of the occurrence of a 
Termitocorid in India. The young females and the adult males 
of this family were unknown to science until the Indian material 
was studied. Fimkhouser (1922) described the Indian Membracid® 
while Mtiir (1922) classified the Indian Derbids? with the genitalia 
as the criterion. Distant (1916, 1918) contributed two volumes to 
the Fauna series denting with nine families Hoinoptera. Pruthi 
(1930, 1934, 1936) gave an account of the Indian Jassid Homoptera 
including several new genera and species, re describing at the same 
time some of Distant’s genotypes kjiown only from very incom- 
plete descriptions. Certain characters in the genitalia which are 
of sound classificatory value have been emphasized by this author. 
Hutchinson (1933) similarly found it necessary to revise the typos 
of Notonectid ami Corixid species described by Paiva and Distant. 
Ver3* little is known of the Indian Aleyrodid bugs wliich are potential 
pests of some important crops, and transmit fungoid diseases. The 
account of these insects from Burma by Singh (1932) is of consi- 
derable interest in that 10 out of the 13 species recorded proved 
to be new. 

Mathew (1935) contributed an interesting study of the trans- 
formational deceptive resemblance in tbe stages of life -hi story of 
the Core id bug Riplartus pidt9tri9 to the red- ant Otcophylla. 

Odonaia . — The one outstanding contribution to this group of 
Insects during the last quarter of a century has been that of Fraser 
(1933, 1934, 1936) in the three volumes contributed to the Fauna 
series. The dragon-fiie.s are of indirect benefit to mankind in 
keeping down tbe numbers of noxious flics, mosquitoes, moths, 
and other pests. A very interesting discovery of this period is 
tbe dragon -fiy of tbe genus Epiopklebia which forms a connecting 
link between the two sub-orders of the Odonata, namely, the 
Zygoptera and the Anisoptera. The first species of the genus was 
described from a dragon-fly from Japan the larva of which was not 
known, while the second species described by Tilly aid (1921) from 
the Darjeeling Himalayas is known only from its larva. Although 
repeated searches were made in tbe type- locality for the latter 
DO further specimens have been obtained. 

The Agrionid and Gompbine dragon-flies of the Indian Region 
were studied by Laidlaw (1919, 1922). The same author (1932) 
p^opo.^ec^ a revision of the genus Coeliccia with special reference to 
tho reproductive organs. The problems of evolution in tbe Order 
Odonata were discussed by Tillyard (1928) after analysing the 
basic characters of the related Protodonata and Odonata. A very 
useful aid to the student of Indian Odonata is tbe excellent key to 
Ihe dragon-flies of the Sub- Order Anisoptera by Needham (1932). 



RAO : ZOOLOGY. 


387 


To these must be added the numerous contributions of Fraser to 
the Joum. Bombay Kat. Hist. iSoc. and other joumnls in Intliu 
where be worked for several years. The detailed refcrc^necs to Ins 
works are given under the genera and species dealt, with by him in 
the Fauva series. 

Or/hopUra . — This order is also of economie importance in as 
much as members of some families arc notorious us destroyers of 
plantdife in general and of cereal crops in iwirticular. Since (lie 
publication of Kirby’s volume (1914) in the Feuna series dealing 
with the Acridiid Onhoptera several papers have appeared. 
Hancock (1D15) described the Tetrigine Acridikls and gave a key to 
the genera of Tripetaloeerin*. Chopard (1021) gave an account of 
the cavemicolous Orthoptera from certain caves of Assam and 
other regions and revised the Indian Grj’llida? (102b). The Locust 
problem in India has attracted considerable afienlion in recent 
years owing to the serious damage done to crops both in N.-W. 
India and in the peninsular region, and the contributions of Rao 
(1933, 1935, 193(>) towards the elucidation of this problem are of 
great value. The Indian Mantids or Praying Insects were studied 
by Werner (1935). 

Thysanoptera. — This little known group of Insects the economic 
importance of which has only been rcaliz^ in recent years seems 
to have few votaries in India. All the more credit, therefore , to 
Ayyar and Margubandhu (1928, 1931) who have contributed 
several papers on Indian Thysanoptcra. Moulton (1020) studied 
the Indian Thripididie and Phloeothripids, while ^iesiier (1933) 
revised the Indo-Malayan forms giving a key to the species <»f 
Haplcthrips. The IndO'Malayan species of Jnpygida> and Cam* 
podeid« were studied by Silvestri (1030, 1933). The only contribu- 
tions on the Collembola are short notes by dlarpenter (1917) on the 
forma found in the Abor country and Lower Burma, ond by 
Mukherji (1932) on certain forms common in Calcutta. 

Epk^meropUra . — The Indian May -flies Lave likewise been 
neglected. Gravely (X920) publiabcd ehort notes on the Asiatic 
species of Palingeniay while Chopra (1927) published a more detailed 
account of the Indian Palingeniids and Polymitarcidce belonging 
to the sub -Order Ephemeroidea. Recently Haflz (1937) has dealt 
with all the four families of the sub- order Ephemeroidea including 
Ephemoridee and Potamanthidie. 

Tnchoptera . — The exhaustive account of the Indian Inte- 
gripalpia and Annulipalpia by Martynov (1935, 1936} is an out- 
standing contribution to the study of this group of Insects. The 
latter group includes a large percentage of new forms. Moseley 
(1935) described the Phryganeid Tricboptera. Haflz (1937) has 
given an account of the biology of the common Calcutta Caddis-fly, 
AmphUyeke indica, with a description of the larval and pupal 
Stages. 
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^europUra.—Tlht only paper of importance on this neglected 
group of Insects is by Fraser (1922) who gave an account of the 
Oriental Ascalaphidae {W3TiueleoDti<la?) ^ith special reference to 
the iarv«. 

I ^opUra.— Among the papers of systematic importance on this 
group are those by Silvestri (1922, 1923) on the Indo-Malayan 
termites of the genus CapriUrTties and the termites of Barkuda 1. 
in the Chilka Lake. An mteresting account of the habits of the 
termites and of the structure of their nests lias been given by 
Annan dale (1923). A ver^* useful contribution to our know'Iedge 
of Indian termites by Margabandhu (1935) is his annotated list of 
lndo*Ce 3 ’Ionese forms. 

Lepidoplera . — Since the publication of the volumes in the 
I’aufia series dealing with various families of moths and butterflies 
considerable literature has accumulated, of which the best part 
has appeared in the Joitm. Bombay Kat. HUt. Soc. Bell and 
Scott (1037) have dealt with the Indian Hawk*moths (Sphingidas) 
ill the FauTta series. This work is ex liati stive and contains con* 
><idorable morphological details. The earJj' stages of most species 
are described with coloured illustrations of the larva, pupae, and 
imagines which help in the identification of the specie.^. Keys to 
the genera and species of Sphingids based on all the three stages in 
their life-histor)* facilitate the work of the student of this group. 
Tlie larvae of these moths are destructive to various families of 
plants. Puri (1931) has made a detailed survey of the butterflies 
of Lahore. 

Anoplura. — At the beginning of the period under review, 
Kellogg and Paine (1914) describe some lice from birds of the 
family Corvidae and Pbasiunida?, but the interest in this group 
socuied to lag until Qadri (1935, 1930) published his interesting 
series of papers on the Mallophaga of North Indian birds. His 
morphological papers are of value and are referred to in the section 
on Morphology. 

Apfianiptera. — The study of this group has also been com para* 
tivelj* neglected. Sharif (1930) revised the fleas of the family 
Pulidda?, while Ij’engar (1936) furnished a key to the identification 
of the common genera of rat-fleas of India. Sharif (1937) studied 
the life-historj' and biology of the rat-fica, Nosopsyl!u$ /asciaius, 
and show ed that fleas require in addition to blood other food such 
as organic refuse, that fibrin of the blood is of no nutritional value, 
and that the suppi}' of iron necessaiy for larval growth is all ob- 
tained from bloc^. 

Although Entomological work in India during the period 
under review has been confined mainly to taxonomic work, the 
ecological aspect has not been altogether neglected. The mor- 
phological «aspect will be dealt with in detail in tliis Outline on 
another page. 
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Annandah (1915-1919) was perhaps the pioneer in India in 
regard to the study of the oeolo^ry <’f aquatic 
Ecology Insects, and his contributions seem to have 

acted as a powerful stimulus on workers in this country. Hora 
(1927, 1930) invest iga ted the Insect fauna of rapid streams wth 
special reference to the adaptations to life in sueli an environ* 
ment. Pruthi (1931, 1933) studied the influence of difl'erent con- 
centrations of hydrogen ions and fcmpenitures of fit'sliw'nter on 
mosquito larvte and made a 6pt*cial investigation of the Insect 
fauna of certain highly saline ponds and tanks of the Punjab Salt 
JRange. The same author (1024, 102G) investigated the influeD<e 
of feeding, stan*atioii, aecunmiation of COj and other factors on 
the metamorphosis and moulting of Insects. Sen (1935) obser\*cd 
the effect of seasonal conditions suc h as tCD)perature, etc. on the 
emergence of Anophelines. The effect of increased nifrogenons 
content of tlie soil in tea -plantations of Ceylon on the shot -hole 
borer Xyltb&nt^ fomicatus was studie<l by Jepson and Oadd (1920). 
Andrews (1923) showed that the ravages of the Capsid bug. liclopeltU 
thUvorOy on the tea plant can be minimized by tlie application of 
soluble potash to the roots of the tea-bti^^hcs. Sen stvulied tho 
relationship of a meal of blood and ovtilaiion in all species of 
Oulicids^. The reactions to chemical stimuli were studied by soiuo 
authors. Hewlett (1915) showed ex peri men tall)' that the males 
of the Indian fruit flies of the genus Dacus, arc attracted by certain 
odours of plants like mango and papa^'a, and that their movements 
can be controlled in any desired direction by the use of chemical 
substances having odours similar to those of the plants. Imms and 
Husain (1920) experimented on Dipterous flics in regard to their 
attraction to substances like eth}*! alcohol with slight troce&of 
acetic, butyric and other acids. Ballard (1923) has studied tho 
reactions of the paddy borer moth (^cAoe^iobi’va} to light and shomi 
that in light traps a much larger number of females than males is 
caught. 


The economic aspects of Entomology may now be considered 
Economic ^ little more detail indicating tho part that 

Entomology Insects have played in this country as peats of 
^ops, forest trees, stored grains, and as carriers 
of human and animal diseases. About the end of the 196h century 
the Gov^ment and the general public began to realize the economic 
Entomological studies, and during the twelve years between 
Entomologist attached to the Indian Museum 
at Calcutta published a series of papers on various Insect pests in 
Insects as crop to his studies on systematic Entomology 

pests the journal called ICo(es on Econ4>mic EntO’ 

jnology, later issued under the name Indian 
Juustum Ao/ca, He was subsequently transferred to the establish* 
ment of the Imperial Agricultural ReUarch Institute then in Pusa 
but removed to New Delhi in 1936. The results of Entomological 
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investigations in the Institute published for a long time chiefly 
in the Agricultural Jottmal of India, the J/emoi>^ of the Deparfmt^ 
of Agriculture in India, and the Bulletins of the Pusa Institute, etc. 
are publislied from 1931 under the authority of the Imperial Council 
of Agricultural Research. The Entomological collections of the 
Imperial Institute are a store-house of knowledge from which 
Entomologists working not only in Indian provinces but also in the 
neighbouring tropical countries draw freely. As is widely recog- 
nized, the study of habits and habitats of Insects and their immature 
stages is absolutely e.ssential for devising suitable control measures 
agamst noxious species. Between the years 1912 and 1987, several 
thousands of Indian Insects have be^n reared at the Institute 
and valuable data regarding their immature stages obtained and 
published. The life. histories of the members of the Orders 
.^Uc^olepldopte^a, Hymen opt era, Coleoptera and Diptera have been 
the subjects of important monographs publishe<] under the auspices 
of the Imperial Department of Agrinilture and the Imperial 
Council of Agricultural Research. 

In addition to the preparation of monographs, a considerable 
volume of research work on the bionomics and control of several 
serious pests of crops has been done. Data regarding the life- 
and seasonal-histories, and the nature and extent of the damage 
done to crops in different parts of India were obtained in regard to 
the following : the boUw'orms of cotton, the voracious pests 
popularly known a.s cut. worms {Agrotis spp.), and the borers and 
hoppers of sugarcane and rice, and various other species of crop 
pests. Between the years 1915 and 1920 the Imperial Institute 
carried out some investigations on the pests of stored grain, and 
on the notorious termite pests of crops. In recent years important 
research work of a pioneer nature in India has been initiated by the 
Institute on the Insect vectors of virus diseases of plants. During 
the years 1935-37 the Insect vectors of diseases in tobacco have 
been studied and the results are expected to be published in the 
Indian Journal of Agricultural Science. 

The Entomological investigations of the Madras Agricultural 
Department have been carried on for nearly twenty -five years, and 
have resulted in considerable increase in our knowledge of the 
crop pests of South India of which the more important are the 
following : the Stem -borer {Sekoenobius bipunctifer). the Swarming 
Caterpillar {Spodopfera mauritia), the gras.s. hoppers of paddy, th« 
pink boll-worm of cotton, the cocoanut caterpillar (Xephaniis 
Sfrinopa), the \m\ry caterpillar (Amsacta spp.) of millets, the Deccan 
grass -hopper, etc. 

The Punjab Agricultural Department commenced research 
work on Insects in 1919 and completed extensive and fruitful 
investigations on the following pests : Pink boll -worm, white -fly 
(/iemisia gossypiperda), and leaf-roller (Sylepta derogata) of cotton, 
top- shoot borer and Pynlla of sugarcane, pod caterpillar (Heliothes 
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o630lito) red pumpkin beetle of cucurbit p<.unU, ‘'itrus ra>/th 
and Citwa WhL-fly {DMeurod^^ citri). f.Mlder eatorpillars M ,Macla 
mooni and Laphygma exigiui), mango l.opix-rs, etc. Of thost 
social mention i^st be made of the fwlder catcrpillar.s. C trus 
Psylla. and White-flv against whicb the Deiwrtmcnt has earned out 
successful large scale openiticms for several veals The role of 
birds as beneficent agent-s in keeping dovni the niimlK.-rs of 
injurious Insects in a given urea has been roalir.ed f<>r a long tune, 
and this Department has eoiise<|uently devoted considerable atten- 
tion to the study of such birds. 

The Bombay Agricultural Dep^irtmont at Pocma lias done some 
useful work on the Thrips infesting cliillies and on the spotted boll* 
worms of cotton. The U.P. De|>artment of Agncnlturc has earned 
out large scale operations (heating of Rood, etc.) against tho pink 
boll 'Worm of cotton. 

The rapid progress in the study of cotton i>csU in various 
provinces of India is chiefly due to the initiative of the Indian 
Central Cotton Committee which has given adcqvmtc financial 
assistance to schemes promoting the study of these jK'sts. Tlie 
Imperial Council of Agricultural Research lias within tho last 
two years encouraged the study of the Insect jwsts of some other 
crops as well by making small grants to individuals^ associations 
and universities on approved schemes of research. 

The research work on Forest Entomology has been restricted 
mostly to the Imperial Forest Research Institute, 
Dehra Dun, established in 190 C. This Institute 
has built up a rich collection of forest Insects 
consisting of about 16,000 species, and publish^ valuable informa* 
tion in tlie Induin Forest Recorder and other journals about their 
biology and occurrence in different parts of the country. In 
addition, several forest pests have been intensively studied with a 
view to control them. A brief account of these studies is given 
below : The heart-wood borer, Hopheerambyx spinicomis, of 
Shcrea robtuta is one of the most injurious species in natural forest. 
Standard control measures have been prescribed, of which the 
trap- tree method is perhaps the most interesting ; trees are felled 
during the period of flight of the beetles and the vaat numbers that 
are attracted are destroyed. It would appear that, as a genoral rule , 
direct methods of control, such as the use of insecticides, automatic 
trapping, etc. must be ruled out In forest Entomology, os most of 
the routine control measures devised have to be modified to suit 
silvicultural conditions. Owing, however, to the relatively higher 
value of converted timber, conditions for the control of borers 
are more favourable at the stage when direct methods of control 
are applicable. 

The problem of defoliators and the feasibility of applying 
methods of biological control in respect of these pests have been 
studied at Dehra Dun with reference to the distribution and iology 
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of their parasiUs and predators ; and from the early months of 
iJSi extensive field operations have been carried out. The livinff 
jvirnsi^s of teak defoliators are being interchanged between 
^ilnmbur m Madras and Burma, and the parasites of defoliators of 
Si:<soo and Mulberry in the Punjab plantations are being artificiallv 
multiplied and distributed. 

The Spike di^ase of Sandal has presented a difficxUt problem 
to the Forest Tn-stitute, and as a first step towards its solution the 
fauna of the Sandal tree in various pirts of the country has been 
stiulied extensively. Of the thousands of species found commonly 
on this plant, only a few are at present considered to be the possible 
vectors of the Spike disease. The further investigations on these 
vectors are being carried on by the ihulras Forest Department. 

The Insect pests of forest trees are mostly immature stages, 
and tlie application of the methods of identification in vogue for 
the adult Insects to the immature stages has proved unsatisfactory 
in practice. It has, therefore, been thought that a classification 
based on the study of the larv» and other immature stages would 
he more valuable in the identification of forest pests than the one 
ordinarily in use. Tliis aspect of Forest Entomology has received 
con.siderable attention in recent years at the hands of Gardner, 
Entomologist at the Dehra Dun Institute, who studied the Coleop* 
terous larvae and contributed many papers on the subject. Similar 
work on the Lepidopterous larv® is also in progress. 

Patton and Cragg (1913) in their work, A Text-book of Medical 
Entomology^ have embodied all available informa • 
tion on pests of medical and veterinary import- 
ance in Ind id. The modem systems of treatment 
of tropical diseases tend more and more towards 
the control of In.*«ect vectors of these diseases. 

The outstanding researches on Artliropods in 
relation to human diseases in India have been carried out chiefly 
under the auspices of the Indian Research Fund Association at the 
Central Re.search Institute, Kasauli, the School of Tropical Medicine, 
Calcutta, and the King Institute of Preventive Medicine at Guindy, 
Madras. The In sect-transm liters of three of the important human 
diseases common in India, namely. Malaria, Kala-azar, and Plague 
have been extensively studied. The works of Christophers, Barratid 
and their associates w'ho were the first to study the entomological 
aspects of JIalaria and to carry out exhaustive surveys of Auophcline 
and Cull cine Mosquitoes in India have been referred to already. 
The re.su Its of their investigations were embodied in the Govern- 
ment of India Health Bulletin published from time to time. 
Strickland, Puri, and others have given systematic accounts of 
the larv» of Anophelines with synoptic tables for their identifica- 
tion. Senior-Wiitc, Iyengar, Pnithi, and Mehta studied the 
pliysical factors in relation to the ecology* of masquitoes and showed 
that the various species of Anophelines respond differently to the 


Insects as car- 
riers ot diseases 
to human beings 
and domestic 
animals 



BAO : ZOOLOGY. 


303 


chemical constituents of waters in which they breed. Coycll wTOto 
A very useful book cnHtled Anti-2I(Wjuito The Indian 

Kala^azarCorami.sMon carried out considerable n*>oareh work on the 
possible role of In.sects in the indirect transmission of Knla-azar. 
The bed bug. Cimex hemiptrra. Trmlotua /n^rinla, and sand-flu'S 
of the genus PhUbofonfUS wci'c suspected as transmitters of tins 
disease. Erperimcnt^il inrestlgatlnns hare, however, reniov.^tl 
the suspicion on several species of Insects and fixed tlic specie.** of 

PhUhot</>nus as the possible cnlprits. ^ ^ t i* 

Surveys of fleas have been conducted in various parts of Imlia 
in connection with research work on Plague. In addition to the 
papers on fleas by Sharif and lyengnr whicli have been already 
referred to, Mehta's work on the fleas on rats of the Simla Hills as 
possible vectors of Typhus, the work of the Indian Plague Com* 
mission on transmission by fleas, and Goyle's recent work on tlie 
distribution of species of fleas in relation to the incidence of Plague 
may be mentioned. 

The causal agent of filarial infection has been traced to the 
mosquitoes by King. Pandit and their collaborators who demon- 
strated the development of the filarial parasitt* in Cfdfx fatigans. 
Cragg who was tlie first to investigate louse-home Typhus was 
liimself the victim of that disease. Very recently Covell and Mehta 
demonstrated the role of the rat-flea, Xenopst/Ua chfopis^ in the 
transmission of Typhus of the X 19 type. In n series of papers, 
Megaw showed that the rick might be a possible vector of Typhus 
in the Simla Hills . 

Patton and Cragg have referred to the pests of douiestioated 
animals in their book. Since this work was published the Imperial 
Agricultural Research Institute has gathered valuable information on 
Insects injurious to cattle and other domesticated animals. The 
coDtriburionaof Sen. Patel, Isaac (1925. 1933), and Blmlia on the life- 
histories of various species of Tabanids and other blood-sucking flics 
found on cattle and other domesticated animals are of great value. 
The Imperial Veterinary Research Institute at Muktesar and the 
Provincial Veterinary Departments have done important work 
on the Insects concerned in the transmission of diseases to animals, 
A greater part of which being directed to a search for vectors of 
Surra and Rinderpest. Cross and Patel and Kahan Singh observed 
that Surra was mechanically transmitted by some Tabanid flies, 
while Bbatia demonstrated the transmission of Rinderpest by 
Tabanus oritntalis. 

The extent of destruction caused by Insects pales into insigni- 
. flcance when we consider the enormous possi- 

motm of^Ddus- for production of wealth which Indian 

try Insects offer to this country. India already 

bolds the world monopoly for Shellac which is 
a product of the activity of the lac insect, Lacciftr lacca. Pioneer 
work on this Insect and on lac culture was undertaken at the 
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Imperial Agricultural Research Institute between the years 1912 
and 1925, as a result of which the facts concerning the habits, life- 
history, and enemies of the lac Insect formed the subject of a 
memoir published by the Institute. In this memoir the detailed 
methods of lac cultivation were explained with a view to make 
them intelligible to the cultivators. 

The realization of the importance of the Lac industry to the 
country led to the establishment in 1025 of the Indian Lac i^search 
Institute at Ranchi, in which the lac Insect, its plant hosts, the 
chemistry of lac, and other cognate subjects are being intensively 
studied. Among subjects relating to the lae Insect itself may be 
mentioned the investigations on the anatomy of both the sexes, 
the influence of temperature on ovi position, the incubation and 
emergence, and the swarming of larva?. The female of the Insect 
has l)een found to be capable of parthenogenetio reproduction 
which does not seem to adversely affect, among others, resin pro- 
duction and the fertility of the species, The major predatory 
enemies of the lac Insect, namely, Et^Umma amabili^ and Holocoura 
•pulvfffa, have been known to be attacked in the field by several 
species of Insects of which Micrcbracon grttni seems to bo the most 
important. With a view to control the depre<lations of the pre- 
dators by biological methods, this species as well as its near ally 
M. hebUor are being studied in detail. 

The rearing of Silkworms is a very ancient industry in India, 
more particularly in Kashmir, Bengal, and Mysore, but the industry 
was declining at the beginning of the present century owing to the 
adoption of primitive methods of culture. Between the years 1912 
and 1924 experimental work on (1) the rearing of Indian silk- 
worms under hygienic conditions, (2) the prevention of diseases 
to which tlie worms were susceptible, and (3) the cultivation and 
improvement of mulberry was carried out by the Imperial Agricul- 
tural Research Institute. As experience showed that Sericulture 
could be practised best as a cottage industry in the Indian villages, 
bulletins in several languages were issued by the Institute for the 
benefit of rearers all over the counm-. The expansion of the 
industry led the Departments of Agriculture of the various provinces 
in India to study the silkworm under local conditions. Although 
Sericulture was a well established subsidiary occupation of farm^ 
in parts of India where the rearing of silkworms was possible, the 
importation, in recent years, of cheap artificial silk has adversely 
affected the silk industr>- in India, , 

Honey is in great demand in India both as focnl and as medicine, 
and considerable quantities are imported from 
Bee-Keeping New Zealand and America- Neither bees nor 
the suitable planU on which they feed are lacking in India, yet the 
quality of local honey available in the Indian market is often 
I)oor because of the defective methods in vogue of extracting honey. 
An attempt to place bee -keeping on a scientific basis was made 
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bv the Imperial Agricultural Research Institute in the early decados 
of the present centun% and useful bulletins on the subject in the 
principal Indian languages served to populanzc the industry. As 
a result we now find bee-keeping ns a suUsidinry industry not only 
popular amongst tbe village folk but also amongst educutecl youths 
in the countrv. The Imperial Agrieultural Besearcli Institute 
has in recent vears answered innumerable enquiries regard niL scion ti. 
fic bee-keeping and has supplied standard bec-hivos, comb ft Hindu • 
tion sheets, and other bee-keeping appliances to numerous coircs. 
pendents all over the countrv. The Departments of Agriculture 
in the Punjab and Madras maintain model apiaries run on modem 
lines for purposes of demonstration. 


IX. ARACHyOLOOY. 

The progress of Indian Arachnology between the pu 1)1 lent ion 
in 1900 of the volume on Arachnida in the JaMHa of British India 
series, and the uiauguration of the Indian Science Congress bad 
been slow, but from 1914 onwards a steady progress in all branches 
of Arachnology has been obsen'ed. Gravely in a series of papers 
between 1915 and 1935 has contributed h great deal towards our 
knowledge of the Indian Arachnida in general and the Spiders 
{Aranas) in particular. Among these may be mentioned his papers 
on the Inman Mygalomorph spiders {1915, 1935), on the Indo- 
Axistralian Thelyphooidse and the problems of evolution connected 
with them (1910), on tbe spiders of the suh- family Tetragnathin^ 
and the family Lyeosidas (1921, 1924), and on the families Ctenidee, 
Sparas.ridse, ^lenopidse, and Clubionidae (1931) besides several 
other smaller papers on the spider fauna of India. Henderson 
and Sheriffs (1919, 1929) added to our knowledge of S. Indian 
Arachnids in general. Caius (1930-1931) contributed an interesting 
paper on tbe toxicity of the venoms of various Indian scorpions. 
Bahl’s (1915) papers on the Ant-like spiders of the family Attidie, 
and Kingston *3 (1920, 1923, 1927) and Sukh Dayars (1931) observa- 
tions on the habits of orb- weaving and other spiders, and 
Bhattacbarya*s (1934) on the habits of Bengal spiders are note- 
worthy. ^^atbew <1931, 1934) has made valuable contributions 
on the life-history of certain Jlyrmarackne which mimic the red- 
ant iOecapkylla) and others during the various stages of their life- 
history and on the colour changes in tbe eyes of certain Attid and 
Thomisid spiders due to the great mobility of the oramateum of 
the eye. Our knowledge of tbe Indian Opi Hones and Pa I pa tores 
is due almost entirely to the studies of Roewer (1924, 1929), 
Comparatively little is known of the Indian Acarina, but Vieta 
(1926), Walter (1929), and Jacot (1933) contributed to our know- 
ledge of the Indian water-mites and moss-mites. Ellingsen (1914) 
gave an account of the Indian Peeudoscorpionidea while Hett 
(1921, 1923) gave short accounts of Pentastomids. Sharif (1924, 
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192S, 1034) dealt with the morphology and bionomics of the common 
Indian Tick {Hyaiomma atgypiium)^ and revised the Indian Ixodidfe 
indicating ihe relationship of the genera. 

It would be convenient to include here a review of the progress 
of our knowledge in regard to the Myriapod a which is due mainly 
to the researches of Silvestri (191^1929), Chamberlain (1920), 
Attems (1936), Verhoeff (1930, 1936) and Carl (1932, 1936). The 
large number of new genera and species of Diplopoda described in 
recent years and the absence of many of them from otlier parts of 
the world strongly suggest a high degree of endetnicity of Indian 
forms. Bonn ell (1929), and Hingaton (1930) have contributed 
valuable observations on the habits of various Mvriapod.s. 

X. Ichthyology. 

The study of Fishes in India seems to have attracted attention 
from ancient times as shown by Hora (1935) who has discussed the 
extent of knowledge of the ancient Hindus in regard to the correla- 
tion of form of fishes to their environment and modes of locomotion. 
The history of Iclithyological studies in more recent times has been 
ably summarized by Chaudhuri (1917), and should prove to be of 
value to those intereste<l in this aspect of Ichthyology. 

The fish- fauna of India is so closely related to that of other 
countries wliich form part of the Oriental Region that any advance 
in Ichthyology in the neighbouring territories influences the progress 
of the science in India. The most outstanding advance of this 
kind during the last quarter of a century has been the magnificent 
work of Max Weber and de Beaufort (1911-1936) on the Fiahts of 
tht Indo^Atistmlian Archiptlago. This work is not yet complete 
as accounts of several important groups of marine fishes are still 
under preparation. The best tribute to this work is the fact of its 
having stimulated the investigations on the fish -faun a of Siam 
bv Hora (1923), Smith (1927-33), Suvatti (1936), and Fowler 
(1933-37), of Tndo-China by Fellegrin (1935-36). Chabanaud (1926) 
and Chevey (1929-1934). and of China by a large number of Chinese 
workers, Chu, Fang, Kimura, Lin, Tchang and others (1930-37). 
These studies have resulted in the compilation of useful indices 
and lists of fishes of the various regions and in the int-ensive study 
of certain groups of freshwater fishes. The fatuiistic surveys have 
also given considerable imi>etus to the study of geographical dis- 
tribution and phylogenetic relationship of fishe.s of the Oriental 
Region, and valuable contributions on these subjects by Mori 
(1936). Hora (1937). and others have already appeared. 

In India including Burma and Ceylon. Day’s works, the 
Fishes of India, and the two volumes on fishes in the Fauna of 
British India serie.s, though out of date in many respects, are still 
the only standard works on Indian Icbthyolog3^ Modem literature 
on this subject is considerably scattered, and is likely to be brought 
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together only when the revised Fauna volumoH now under prepara, 
tion by Hora are publislied. In tins connection Hora (1933-3C) 
has published a series of critical studios of froslnvater Siluroid 
fishes which wUl prepare the ^und for a revision of tlio genera 
included in the family. During the last 23 years tlie study of 
Indian fishes has been confined mainly to fresliwaU-r f<»rtns, W\Jt a 
few reports and notes on marine fishes Ijy .Sc- well. Haj, 
Southwell, Prashad, Chaudhuri, Dunckcr, Hora, MukerjL Fowler, 
LeJe, and Norman have also appeared in the Records and Memoirs 
of the Indian 3Iuseum and other Imlian journals in this period. 
Among the papers on marine and estuarine fishes several, such as 
those bv Clmudhuri (1910-1923) and by Hora (1923) on the fishes 
of the’Chilka Lake, by Hora (1933). and by Ayyar and hia 
CO .workers (1933) on estuarine Gobies, are of interest, and reveal 
the great range of physiological adapt^ibility of marine fi.slics to 
changes in salinity. In their study of marine fishes of the Tavoy 
coast, Burma, Hora and Mukerji (1930) have found .several species 
of unusual zoogeograpbical interest with a discontinuous distribution 
which corroborates to some extent Alcock's analysis of the distribu* 
tion of Indian marine genera. Reference to advances in marine 
Ichthyology has already been made (vide, p. 373). 

The period under review is notable for the advance.^ in our 
knowledge of the freshwater fishes witli special reference to tlicir 
distribution, ecology, and bionomics. A host of workers, including 
among others, Annandale, Chaudhuri, Kora. Raj, Prashad and 
Mukerji, have extended our knowledge of these fishes from the 
taxonomic point of view apart from making known the regional 
fish fauna of Indian lakes and mountainous regions, It would be 
of advantage in this connection to deal briefly vdth the fish -faun a 
characteristic of each of tbo regions in wliich special investigations 
had been carried out. 

The fishes of the freshw*ater lakes have been studied by 
Annandale (1918), Hora (1921), and Prashad and Mukerji (1929, 
1930). The fish-fauna of the Inie Lake of the 8. Shan States, 
Burma, baa an isolated element consisting of certain peculiar 
genera and species one of which belongs to a new family. The 
most characteristic fishes of the lake are the eel Chaudhuria of 
the group Opisthomi and small Cyprinids of the new genera 3ftcro- 
Tosbora and Sawbica. The ph^^'sical conditions of the lake and the 
• geo^aphical relations of the forms peculiar to it lead to the con- 
clusion that the fish^fauna is essentially an isolated one. The 
Indawgyi Lake of Upper Burma and its connected waters have, in 
addition to a large number of species of wide distribution, certain 
endemic forms whose relationships with their congeners elsewhere 
are at present obscure. A new family had been erected to receive 
one of the species of fish, Indostomus paradoxus. Bolin (1936) has 
discussed the systematic position of the genus and pointed out that 
its nearest relatives are among the Hemibranchii or Gasterosteoidea. 
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The eel, Chaudkuria, preTionsly known from the Inl§ Lake has also 
been found in the freshwater areas connected with the Indawgyi 
Lake, The fish -fauna of the Loktak Lake in Manipur, Assam, 
includes no specialized forms, but only a few which belong to a dozen 
species of fairly wide distribution. The D^lancbar Lake of Sind has 
a ranch larger number of species of more or less wide distribution. 
It is thus clear from the foregoing that the Burmese Lakes which 
have specirtlize<l forms of fish are of great antiquity, while the Indian 
Lakes which have no endemic element in their fish-fauna are of 
comparatively recent origin and contain only species of tride 
distribution. 

Regional surveys of the fish-fauna have been fairly numerous 
during this period, and the Indian Region may be conveniently 
divided into three sub-region.s for the purposes of this account, 
namely : (1) the Peninsular region south of the Vindhya Range, 
(2} the Indo-Gangctic plains, and (3) the extra- Peninsular region 
comprising the Himalayas and the adjacent hi 11- ranges east and 
west of them. 

In the Peninsular region, the fish of Madras were dealt with 
by Raj (1910). the Obi did fishes of Malabar by Panikkar 
(1921), those of small streams in the Bombay Presidency by 
Annandale (1919), those of Mysore and Coorg by Hora (1037), 
those of Hyderabad State by Kabi mullah and Das (1935), those of 
Deolali by Hora and Misra (1937), of Travancore by John (1930) 
and of Ceylon by Deraniyagala (1929-1934) and Vasiiiu (1931)* 
The fish .faun a of this region is extraordinary in having a fair 
representation of Far-Eastern species which do not extend normally 
beyond the Teesta valley in N. Bengal. Hora (1937) has offered a 
geological explanation for this anomaly in distribution. The dif- 
ferential uplift movement of the Himalayas at the junction of 
Nepal and Assam during the Miocene or some later period is sup- 
posed to have interfered with tbe free movements of the fish- 
fauna along the ‘ Indobrahm’ of Geologists, and deflected their 
progress along the Satpura trencl which, probably, at this period 
still stretched from the Himalayas to Gujarat and thence along the 
Western Ghats to the hills of S. India. 

The fishes of the Indo-Gangetic plains have been comparatively 
little investigated, but all that is known of the fish .fauna of this 
region indicates that the forms which occur here are of very wide 
distribution. The food-fishe.s of the Punjab (Hamid Khan, 1931) 
and the fishes of Manchar Lake (Prasbad and Mukerji, 1930) are 
among the more recent contributions pertaining to this area. 

The extra -Pen insular region has provided a wealth of interest, 
ing forms. The fish-fauna of the Burmese Lakes and the Loktak 
Lake in Assam has already been referred to. It now only remains 
to mention the investigations into the fish-f«una of the Inl5 basm 
(.^Vnnandale, 1918), Abor Hills and Putao plains (Cbaudhuri, 1913, 
1919), Assam and the Shan States of Burma (Hora, 1923-25), 
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Upper Burma aud the Indawgyi basin (Prashad and Mukcrjl, 1921^), 
and of Seistan, Afghanistan. Chitral, and Tibet (Amiandale, 1920, 
Hora. 1920-36 and Mukerji, 1930). Tins region has provided 
Hera with the opportunity of studying tho hill-stream fishes, and 
of revising in a comprehensive manner tho hill-strcam genera and 
families, Psilorhynchus^ (7arro, ^Ctutackilxis and Aborichihija, and 
the Homalopteridie and Sisorida? rc^spetively. Tlic fish wMei tions 
of the Third Netberland Karakoram uiul the Ynlo Norlli linlia 
Expeditions which were studied hy Horu and Mukerji (1935, 193^') 
belong mostly to this region. 

The advances ui the study of morphology of fishes during tho 
period under review are of importanee, and (HTtaiii mostly to flu* 
skeletal, respiratory and circulatory systems of fishes, both marine 
and freshwater. These are referred to in the section on morphology 
in the present Outline, und consist of short communications on 
various aspects of morphology to the zoology* section of the Indian 
Science Congress. 

(^nsidering that the study of the developmental history of 
fishes is of great importance in solving fishery problems, it seems 
surprising that so little attention has been jmid to this subject 
in India. Reference may, however, be made to the contributions 
of Bhatti^charya (1916) on Fe/roacirfea and Iitmirkampku4, of Rao 
(1918) on Ophxc^phal%i4 punctutuSt Cfdlichrous bimuculaiut^ A’o/op- 
ferns nofopferua, of Southwell and Prashad (1919) on the intra* 
uterine embryos of Selachians, of Hamid Kbnn (1923) on Laheo 
rohita, Cirrhina Cara$siu$ a^roltts and other species, of 

Aiyar (1935) on AcentTog<A)iVs netUi, of Rao (1934) on Therapon 
jarbtux, of Ahmed (1934-36) on Wallago aitu and Labto gonius, and 
of Jones (1937) on Etroplm macuUUxu and other species. Acenlro^ 
gobiu4 viridipwiciatiu, AAeophthalmus boddatrliy Ptlroscirti^ bhattu- 
charpa, Aplcchtih^ meicstigma, and Partchox parvus. 

The attention of the Indian public has been drawn in recent 
years to the economic importance of fish as food of value to tlie 
undemouiished populations of this country. During the last 
quarter of a century, research on problems of fisheries sensu slricfo 
has received scant attention except in a few centres. The ^ladras 
Fisheries Department which is perhaps the only welborganized 
institution of its kind in India has devoted itself to various aspects 
of Fisheries under the direction of Homeil and Raj. Catla 
has been introduced into the Cauvery, the breeding habits of HiUa 
and other migratory fish such as the oil'aardines (Clupea hngiesps}, 
Mackerel {Sc<mber microUpidolus), and of the fiying-fish have l^en 
observed, and preliminary work on various other problems of fish- 
culture has been complete. For a fuller appreciation of the work 
of the Department, the reader is referred to its Reports and Bulletins 
published time to time. The Punjab Fishery branch of the 
Agricultural Department which has been in existence for several 
years has concerned itself in part with the habits and breeding of 
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some of the common freshwater food-fishes (Hamid Khan, 1934(. 
The Fisherj' section of the Bombay Industries Department which 
has recently been inaugurated is at present mainly concerned 
with the marketing of marine fish, but the culture of Catla, Mega- 
lop$. etc. in inland waters has also been taken on hand. Bengal 
with its extensive watenvays, estuaries, and large rivers has at 
present no fishery organization, but the one that existed before 
1020 studied problems of inland fishery. Southwell and Prasliad, 
under the auspices of this Department, made preliminary investiga* 
tions in rcganl to the breeding grounds of the HUsa fish without 
appreciable re.su Its. 

The types of fishing iniploments used and the methods of 
fishing adopted in various j)art.s of the country have been the 
subjects of Htudv bv several authors. Annan dale (1918), Hora 
(1921. 1923), Hamid‘Khan (1930). Chopra (1927) and John (1936) 
have dealt with the methods and implements of fishing in the Inle 
Lake, in the Loktak Lake and the vicinity of Calcutta, in the 
Punjab, in the Induwgyi Lake, and in Travancore respectively. 

The ecology of fi.shes in different environments has been studied 
by various authors. The stnuiural adaptations, particularly of the 
organs of attachment, of fishes to life in rapid hi II -streams have 
been investigated by Horn (1930). while t lie behaviour of air-breath- 
ing fishes under different adverse conditions in their environment 
has been mvestigate<l by Das (1927, 1934) and Hora (1936). Kemp 
(1917) drew pointed attention to tlie resemblance of certain estuarine 
fishes to deep-sea forms living under similar physical conditions. 
Tlio lock of light due to depth in the case of the sea and to the 
presence of muddy water in that of the estuary, and the occurrence 
of a loose shifting substratum at the bottom in lioth cases have 
brought about similar adaptations in various species of fish either 
closely or remotely related. 

The .sudden mortality of fish in seas, tanks, lakes and ponds 
seems to be a common and widespread phenomenon. Hornell 
(1917) and Hornell and Najudu (1923) described eases of wide- 
spread mortality among marine fishes due to Protozoa. Other 
causes of such mortalitv were inve.stigatcd by Sewell (1927) and 
Pruthi (1932) in Calcutta, and by Chopra (1927) in the Indawgyi 
Lake of N. Burma. The rise in the CO* content of the w'ater and, 
probably, a reduction in the amount of free oxygen brought about 
by meteorological conditions were held to be responsible for the 
uiortality. Pnithi suggested that in addition to these factors, the 
poi>onous by-products of putrefaction of organic matter at the 
fK)ttom of tanks may also be responsible for fish -mortality in the 
cases investigated. Chopra holds the view that excessively mudd)' 
\sater may be responsible for deaths amongst fish that have no 
accessory respiratorj' apparatus, and that the poisoning of the 
gaseous contents of tlie water by putrefaction may cause sudden 
mortality in many species of fish. 
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The role of fish as destroyers of aquatic Arthropods which act 
as carriers of disease to human beings has been recognized for 
several years. This subject has received recognition in India in 
recent years. Moorthy has controlled tlie incidence of guinea - 
worm infection in Mysore by introducing small species of Barbv^ 
in tanks, ponds and wells. The introduction of the Tropical 
American Poecilid fish, Oambusia, into India to combat mosquito* 
borne diseases has been attended with some success. Tiio uso of 
indigenous species of fish in this connection has been advocated by 
Prasha d, Hora and others. The food of these fishes in various 
environments has been investigated by Sen (1037), and Hora and 
Nair (1937). 

XI. Heepetolooy. 

A wider and more systematic study of the Reptiles and 
Batrachians of India in regard to distribution, habits, morphology 
and life •histories of a large number of species has increased in recent 
years the bounds of our knowledge of Indian Herpetology to a 
considerable extent. Witl j the adoption of new system s of cla ssifi ca • 
tion the volume on Beptilia and Batrachia in the Fauna series by 
Bouleoger published in 1890 was considered out of date, and tho 
publication of the revised volumes by Smith, M.A., dealing with 
various orders of Beptilia and Batrachia which was commenced 
in 1931 has ushered in a new era of progress. Tho Reptilian 
Orders Lcricata (Crocodiles), andTestudines (Tortoises and Turtles) 
are dealt with in the first volume (1931) and the sub^order Sauna 
(Lizards) of the Order Squamata in the second volume (1935). 
The volumes dealing with the remaining Squamata (Snakes) and the 
Batrachians are expected to be published shortly. 

Batrachia , — Several papers dealing with the morphology, 
development, and classification of the frogs, toads, and Case Ilians 
have been published in India. Of these, however, the most im* 
portant is the monograph by Boulenger (1920) of the genus Bana 
which has a wide range not only in lndo*Malaya but also in 
Melanesia and N. Australia. The morphological papers are 
referred to on another page. The adult forms and tadpoles of 
various families of &og$ and toads have attracted the attention 
of several workers. Smith (1924, 1935) studied the Indian 
and Indo-Chinese tadpoles and the Amphibians of Upper Burma. 
Annandale (191fi, 1918, 1921) gave an account of tbe Batrachia 
common in the islands and on the shores of tbe Chilka Lake, and 
of the tadpoles of S. Indian Hills. The same author in collabora- 
tion with Rao (1918) studied several South Indian Batrachia, 
while the latter (1^18) gave an account of the tadpoles of Indian 
Kngystomatid® giving a key for the identification of the larv». 
Wall (1922) gave an account of the frogs of the NUgiri Hills. 
Chabanaud (1919, 1922) dealt with the Batrachia of the plains 
and of the Western H^alayaa, and Roux (1928) with those of 
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South India. Hora and Chopra (1923) referred to the poverty of 
the Batrachian fauna of the Punjab Salt Kange. Hora (1922) 
contributed a very interesting study of the functions of the oral 
apparatus of the tadpoles of Megophrys pared. 

Repiilia. — The lizards, snakes, and turtles have received con- 
siderable attention during the period under review. There are 
jiumerous references to the habits of several species in the J(Airm\ 
of the Bombay Natural History Soculy. Annandale (1914, 1915, 
1017) described the reptilian fauna of the Himalayas, the Abor 
country in the N. East of India, and of the Chilka Lake. Among 
others who have contributed to our knowledge of the reptilian 
fauna of the country are Prasha d (1014) on the lizards of the 
Simla Hill States, Chabanaud (1019, 1922) on the reptiles of British 
India and W. Himalayas, Deraniyagala (1920, 1931, 1932 and 1934) 
on the Ceylon Geckonid lizards and the fossorial skinks, Hora 
(1926, 1927) on Indian lizards of the families Geckonid se, Agamidft 
and Scmcida&, Hora and Chopra (1923) on the reptiles of tho Punjab 
Salt Range, Wall (1022) on tho lizards of the Nilgirie, Kouz (1928) 
on the reptiles of S. India, Henry (1928) on the Geckoes, and Smith 
(1937) on a review of the Scincid genus Lygosoma. The habits 
of the Ceylonese crocodiles and turtles and the problem of evolution 
in the Testudinata were studied in detail by Deraniyagala (1930), 
while the Chelonia of the Indus system were described by Prashad 
(1914). Smith (1920) has contributed interesting articles on the 
survival of the Gharial and on the Monitor lizards of the upper 
reaches of the Brahmaputra. Asana (1931) has observed in detail 
the habits of Calotss versicolor. The Indian snakes have been 
studied in great detail by Wall, among whose contributions are 
his reviews of the Indian species of Amblyctphalus (1922) and of 
Oligodm (1923), and his studies of the snakes of Ceylon and of 
Burma (1921. 1925). Rao (1917) studied the South Indian pit- 
vipers of the genua Laclusis. The studies of Fraser (1036- 1937) 
on the snakes of Deolali with special reference to tho Osteology, 
dentition and habits are also of importance. 

XII. Ornithology. 

One outstanding contribution to Indian Ornithology during 
tho last twenty- five years has been that of Stuart Baker (1922 to 
1930) on Birds of the Indian Empire in the Fauna of British India 
scries. Before the completion of this monumental survey, ornitho- 
logical studies in India were dominated by the first c<lition of tho 
same work, compiled by Blandford and Oates (1880 to 1898). 

It is a feature of ornithological studies in India that they fall 
into well-defined periotls, each marked by the appearance of an 
important and comprehensive work in which the researches of too 
previous peri Oil are embodied, and which furnishes tho starting 
point for further studies. Thus the first or pioneering epoch ol 
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Indi&n Ornithology may be said to liave culminated with tljo 
completion of Jerdon’s Bird^ of India (1S62 to 1804). Its publics, 
tion was followed by detailed and specialized studies undertaken 
by a large number of workers, the place of honour among wliom is 
occupied by Allan O. Hume, a keen and distingnislicd ornithologist. 
Then came the first edition of the Fauna by Bhinford an<l Oates, 
which was the standard work on Indian Ornithology for over 
quarter of a centurv. during which it served a.s a Uickground for 
further studies by a host of field naturoli.sts and specialists, wfiosc 
efforts were all directed towards supplementing the information 
given in it. And last of all came Stuart Baker’s work, whic)> may 
be said to have opened the fourth period of Indian Ornithology. 

The most important innovation introduced in .Stuart Baker's 
work was in regard to nomenclature and classification. Tlie 
binomial system of nomenclature adopted by Blanford and Oates 
which served its purpose well enough in its day as a guide to field 
naturalists was at a great disadvantage in lagging behind the 
progress of Ornithology in other countries. It afforded no scope 
for indicating subspecific differences due to geographical isolation 
or climatic variations. It was in recognition of both these needs 
for reform that Stuart Baker adopted the trinomial system for hia 
edition of the Fauna. In doing so he defined a species n» forms or 
groups of forms with no known direct connection with otlicr forms 
or groups of forms . He recogn ized su bs peci fic or geograph i ca I forms 
when they differed in degree either In size, colour, or some other 
characteristic from the forms with which they were most closely 
connected, but were themselves constant mthin a given area thong I) 
linked vritii these forms by others which were intermediate. 

The adoption of this principle bas naturally involved some 
modification of the classification previously in use. Thus forms 
which had the status of species came to be recognized ns no more 
than subspecies or geographical races, resulting in the reduction in 
the number of species. The numerous changes made in the previous 
nomenclature owing to a stricter application of the ‘ laws of priority ’ 
were an inconvenient necessity for laying a firm foundation on 
which Indian Ornithology could be built. 

It is of interest to note that with the addition of 53 forms in 
his final Addenda volumes, the number of Indo-Burmese species 
and subspecies dealt with by Stuart Baker comes to a total of 
2,346. Hartert in his admirable work on the Pal®artic Avifauna 
recorded only 3,198 species and subspecies for the whole of the 
Palseartic Region, whilst Sclater in his two volumes of Systema 
Avium Aethiopicarum admits 4,561 species and subspecies for the 
Ethiopian Region, a comparison which shows the extraordinary 
wealth of bird^life in the Eastern Tropics. 

In addition to the Faujia volumes Stuart Baker published bis 
Game Bird$ of India (which originally appeared and is still appear- 
ing as articles in the Jowm. Bombay Nat. Hiet. Soc.) between 1921 and 
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1930 m separate volumes and his NidijUation of Bird^ of tkt Indian 
Empire (1932-1 935) in four volumes. This last is a monumental and 
indispensable work on Indian Ool<^y, incorporating the great pro* 
gress which has been made in this important branch of Ornithology 
since the publication of Oates* edition of Hume’s Nests and Eggs in 
1889. Hume’s Scrap Book : or Rough NoUs on Indian Oology 
and Ornithology (1869) showed how little was then known about 
Indian Oology, and paved the way for his ‘ Nesis and Eggs of 
Indian Birds ’ which gave a great impetus to the study of the subject, 
and was the basis of Oates* publication referred to above. 

During the period between Oates’ edition of the Fauna and 
Stuart Baker’s revised edition a large number of ornithologists 
including Stuart Baker himself, published the results of their 
observations on the nesting habits of Indian birds in works on 
Oniithology or in periodicals. Stuart Baker’s carefully gathered 
collection furnished the basic material for the work which in the 
width of its range and tborotighness is one of the greatest single 
achievements in Indian Ornithology. 

Ornithological researches of the highest scientific value by 
other authors have appeared from time to time in the pages of the 
Journal of the Bombay Natural History Society ^ and in IbiSy the 
organ of the British Ornithological Union, and it is to these journals 
that one must turn for a proper appreciation of the progress of 
knowledge on the Birds of India. 

Regional surveys have contributed a great deal to our knowledge 
of Indian Birds. Thus the birds of the Western Himalayas, the 
Punjab, Kashmir, and the adjacent regions both to the East and 
the West have been carefully and systematically described by Hugh 
Whistler. The great merit of Whistler’s researches lies in the 
collection of a great mass of detailed infonnation bearing on the 
features of zonal distribution and migration and other movements 
of various species of birds along the Himalayas and the neighbouring 
ranges which came under his observation. Hia studies further 
indicate how such movements have a definite bearing on the status 
of the species, Ticehurst’s painstaking studies afford complete 
data of immense value for the purpose of determining geographical 
races. Other notable workers on the avifauna of the north-west 
of India are Ward, Donald, Osmaston, hla^ath, and Jones. The 
first two have described the Birds of Kashmir and the Birds of prey 
of the Punjab respectively. A monograph which no one concerned 
witli the Omitholc^ of the Himalayas can afford to overlook is 
IVIeinertzhagen’s Some Biological Problems connected with the 
Himalaya. Mention should also be made in this connection of his 
Birds collected in Ladak and Sikkim (1927), and of Ludlow and 
Kinnear’s work On the Birds of Bhutan and adjacent Territories of 
Sikkim and Tibet (1937) which throw a flood of light on the birds of 
the Eastern Himalayas. 
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The birds of tbe Vemay Survey of the Eastern Ghats are being 
studied by V^TiistJer and Kinnear. ami the results of tlic studies 
when finaUy published wiU constitute a valuable contribution to 
our knowledge of the avifauna of tbe Eastern Ghats which bad 
been so little studied by ornithologists in India. 

An immediate beneficial result of the Vemay Survey has been 
the extension of regional surveys of S. India to the Nizam h tern, 
tories and to Travancore and Cochin States. The taxonojuic 
results of these surveys are being published by Whistler with field 

notes by Salim All. _ , , t. • v 

The surveys just mentioned and the work done on the 1 unjab 
sad Himalayan birds constitute the most important chapter in the 
historj' of ornithological progress in India within tbe last twenty- 
five years. But minor or regional surveys in various parts of 
India have also materially added to our knowledge of Indian 
Birds. Ticehurst studied the Birds of British Baluchistan and 
Sind, D’Abreu the C.P. birds, Steven those of Upper Assam and 
Sikkim Himalayas, and Hop wood and Stanford those of Burma, 
Harington’s Titnaliidce, Gill’s NtsU and Birds of Common Birds 
in the U.P., and Bates' Birds Nssling with a Camera are other 
contributions of the highest interest to ornithologists. 

Last of all, mention should also be made of some popular or 
semi .popular works on the Birds of India, among which are counted 
Whistler’s Popular Handbook of Indian Birds (second edition. 
1935), Bates’ Bird Life in India. Fletcher and Inglis’ Birds of an 
Indian Garden, Wait's Birds of Cet/lon, Holmer's Indian Bird Life 
and Bird Study in lyidia^ Law’s Pei Birds of Bengal, an<l Dewar’s 
and Finn’s works. Though these are not to be classed as original 
contributions to Indian Ornithology, they have a place in serious 
oroitbological literature as, by creating an interest in Indian binl 
life, they draw new recruits to a field whose full potentialities still 
lie unexplored. 

In conclusion, reference must be made to the anatomical 
works on birds by Py craft, Beddard, Lucas and others which 
have appeared from time to time in the Proceedings of the Zoological 
Socieiy of London and other foreign periodicals and publications. 
But within the space available for this Outline it would be difficult 
to review them satisfactorily. 


Xm. blAMMOLOOY. 

The study of Indian mammals was commenced somewhere 
about the second quarter of the nineteenth century by a band of 
enthusiastic workers consiating of Hodgson, Elliott, Hutton, 
McClelland, Sykes, Blytb, Jerdon, and Kela^ amongst others. 
The collections and studies of these workers formed the basis of 
Blanford’s Mammalia in the Fawna of British India series (1888- 
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1891), but the Interest in this group seems to have languished from 
about the middle of the 19th century till the first decade of the 
present century. Amongst the few that kept up their enthusiasm 
for the study of mammals were Anderson, Blanford, and others. 
The data in regard to the distribution of various species and their 
liabits. and in regard to the extent of variation in individuals of 
varieties, subspecies, and well-known species were inadequate, and 
in contrast to the detailed knowledge of the mammals of other 
countries, the data on Indian mammals were considered unsatis- 
factory. With a view to make up the deficiencies in this respect, 
the Bombay Natural History Society launched a scheme in 1911 
of a survey of the mammals of India, Burma, and Ceylon which, 
although by no means complete as yet, has brought together a 
great wealth of material which has kept several mamraologists in 
India and abroad busy. The net result of these activities will be 
to replace the present out-of-date volume on Mammalia by Blanford 
in the Fauna series by an enlaced second edition by Hinton and 
Pocock which is expected to include no less than three volumes. 
The progress in our knowledge of the mammals of India is, therefore, 
in the main a history of the results of the mammal survey conducted 
by the Bombay Natural History Society which are in the form of 
notes on various s|)ecies by different authors. To facilitate reference 
to the scattered papers published for the most part, fortunately, 
in the volumes of the Journal of iht Bombay Natural History 
Socitty. a series of reports on the species of mammals collected in 
various regions, of summaries of such reports, and of the scientific 
results of the mammal survey have been compiled by Oldfield 
Thomas, Wroughton, Ryley, Hinton, Lindsay and Pocock and 
published in this Journal. It will be impossible, in the present 
account, to make more than a brief mention of some of the more 
important contributions on the subject of mammology during the 
period under review. 

The interested reader is, therefore, referred to the volumes of 
this Journal for details on the subject. Amongst papers of a com- 
prehensive nature are thase on the squirrels of Upper Burma by 
Thomas and Wroughton (1916), on the House-rats of the Indian 
Empire by Hinton (1918-1920), on the synonymies, characters and 
distribution of the Macaque monkeys by Hinton and Wroughton 
(1921). on the sj’stematic value of the glans penis in Macaque 
monkeys and on the external characters of some species of Indian 
Lutrin® by Pocock (1921), on the House-rats of Nepal by Hinton 
(1922), on Indian .shrews by Lindsay (1929), on the so-called colour 
pliases of the rufous Indian Horse-shoe bat. Rhinolopkns rouxij by 
Anderson (1917), and the following important papers by Pocock — the 
Langurs or I^af-Monkeys of India (1928), Tigers ( 1 929), tbe Pant hep 
and Ounces, and Lions of Asia (1930), the Macaque Monkeys of India 
(1931-32), the Black and B^o^vn Bears of Europe and Asia (1932), 
tfi<* Palm Civets of the genera Paradoxurus and Paguma of India 
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(1933-34), the Foxes of India (193C) and the Mongooses of India 

'^^^Besides these, several aiiort papers on Indian marntnals have 
been pubUshed by various authors in Indian jounials. chiefly, 
the Jwmal o( the Bombay Natural Htstory Society. Some of 
these apart from being taxonomic in format, contain yaluaWe 
information on the distribution and habits of Indian spco>e«- On 
the rats and mice which cause extensive destruction to crops tlierc 
ir^veral papers by Wagle (1928). Fry (1931), and 
(1931) Between 1917 and 1920 Robinson and Kloss contributed a 
number of papers on Burmese and Himalayan rats and on the 
Oriental Sciuridte and Viverride. MaxweU (1928) wo^ an 'Wterest- 
ine note on the home of the eastern Gorilla, while Pf^^r (1929) 
Rave an account of the distribution and habits of the Dugong or 
the Sea Cow. No account of the Indian Mammalia can be deemed 
to be complete without a reference to the senes of interesting articles 
by Prater (1933-1935) on the mammals of the Indian bmpu-e in 
which he deals not only with the habits and distribution of Indian 
mammals but also with the problems of preservation of wild lile 
in this country, 

XIV. Morphology. 


This subject has attracted the attention of many workers in 
India from varioua pointe of view. The pure anatomist who 
studies the disposition of organs and systems of structures m 
individuals of a species, the comparative anatomist whoso interest 
lies in a comprehensive view of these organs and structures in closely 
allied species and genera, and the systematist whose conception of 
species, genera and higher orders of grouping may be based on 
some noticeable anatomical peculiarities are all of the category of 
morphologists. 

With the inclusion of Zoology os a subject in tho curricula of 
Indian Uiuversities, the attention of teachers and students was 
naturally directed to the structure of animals (in all stages of 
their life) available in this country for dissection and study. With 
text-books of Zoology of English or American origin, based on 
European or American types of animab, in their hands for guidance, 
teachers and students were soon confronted with difficulties in 
understanding the structures of Indian types of animals as they 
differed considerably in detail from those of European and American 
types. The need for suitable text-books on Practical Zoology 
dealing with Indian types of animab was keenly felt, and this 
feeling was voiced by Bahl In his presidential address to the Zoology 
section of the Indian Science Congress in 1924 on organization of 
zoological teaching and research in India. Uis suggestion for 
the preparation of a series of monographs on important animal 
types commonly available in nearly all parts of India was taken 
up by a committee of Indian zoologists whose initiative resulted 
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in the publication of the following six memoirs entitled Iiidian 
Zoological Memoirs under the editorship of Bahl ; — 

1. The Earthworm FherHitna by Bahl (1926, 1936). 

2. The Shark Sccltodon by Thillayamp^m (192$). 

3. The Oyster Ostrea cucuUata by Awati and Rai (1931). 

4. The Apple-snail Pila globosa by Prashad (1932). 

5. The Monascidian Herdmania by Das (1936). 

6. The Prawn PaUsmon by Patwardhan (1937). 


These memoirs embody a considerable amount of original 
morphological work which, in several cases, has appeared separately 
in zoological journals in India or abroad, and may be said to form 
a landmark in the progress of Indian zoological research. It 
would be convenient to give an account of the progress of mor- 
pbology in India by dealing wu^ the phyla and classes of the 
animal kingdom in some sequence, and this section would, therefore, 
commence with the Protozoa and end with Mammalia. 

The principal contributions on the morphology of various 
forms of Protozoa are by Bhatia, Chakravarty, 
Chatterji, de Mello, Ghosh, Gulatt, Knowles, 
Kofoid, Setna, and Ray. Although the greater part of the work 
of these authors is necessarily systematic, it includes accounts 
of the morphology and life-history of several species. Mention 
may bo made of the account of the life- history of Entamoeba 
histolytica by Knowles (1927), of the volume on Ciliophora in the 
FauTui of British India series by Bhatia (1936), and of the papers by 
Ray and by Chakra varty (1933, 1934, 1935 and 1936) on the life- 
histories of various Sporozoa in Indian Millipedes. Thapar and 
Chaudhury (1023) have discussed the significance of the occurrence 
of a third contractile vacuole in Paramoecium caudatum. Chatterji, 
Dfts and Mitra (1930) have described the morphology of Terachilo* 
mastix found infecting man and (1929) the mode of multiplication 
of Pentairickomona-s and Trichomorui^ and the origin and development 
of their organelles. Ray (1932) described the morphology of 
Balantidium siishilii while Chakra varty (1933) dealt with the 
boring apparatus of Balantidium. The latter author (1936) gave 
an account of the morphology of Balantidium depressum. Ray and 
Mitra (1937) described the morphology of the flagellate Chihmitus 
cavice from the guinea-pig. de Mello and his co-workers (1934) 
studied the cytology of the three morphological types of Nyclotheru^ 
ovalis, and the morphology and the simple achizogonic cycle of 
Hcemoproteus raymundi which is without an intracellular stage. 

From the point of view of pure morphology this group has 
attracted very little attention, but the papers of 
Porifera Annandale (1914, 1915, 191$, 1919), Kumar 
(1925), Dendy and Burton (1926), Btirton (1928), Burton and Bao 
(1932), and Gist Gee (1932) on marine and freshwater sponges 
contain morphological details found useful in classification. 
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Ttds is another group of animals which has been neglected 
from the point of view of morphology, but in 
Coelenterata recent years it has received relatively more 
attention. Reference has already been made in the section on 
Marine Zoology to the advances made in this group (cmc. p. Jo), 
but attention may be directwl to the following contnbuUons 
the morphological accounts of the curious brackishwater Hyclroid 
Annvklla gtmmata by Ritchie (1915). of Campanulim c^ylojunsts 
by Lloyd and Annandale (1916), of the Actiniaria of Chilka Lake 
by Annandale (1915) and by Carigren (1925). of tho Madras brackish, 
water and marine Actiniaria by Rao (1924) and Pamkkar (1935, 
1936), and of the study of metamorphosia of the larvae of Anacliiua^ 
Zoanthella and Zoanthina into Cerianthns, Spktncpv^, and Zoanthu^ 
respectively by Menon (1914, 19l*\ 1926). Special mention must, 
however, be made of the hi sto logical studies by Mattbai (1923) 
on the soft parts of Astraeid corals which led him to the conclusion 
that the middle lamina of Anthozoa represents what may be termed 
* Mesoderm * in higher animals. The same author (1920) has 
studied colony. formation in this group of corals resulting in his 
regarding the coral colony as a whole and not the separate polyps 
as the individual. He has also shown that colonies are formed by 
extra* or intra-tcntacular budding only and that fission of the 
stomodeum never occurs. 

There have been very few papers on the morphology of 

members of this group, but works of a sys. 
tcmatic nature published during the period 
under review include short notes on the morphology of species 
described. Aiyar (1935), however, publish^ an interesting 
account of the early development and metamorphosis of the Madras 
Echinoid, SalmacU bicolor, dealing with the external and internal 
structures, and showed that sexual periodicity was absent in the 
specie'. 

Considerable amount of morphological work has been pub> 

Annelida lished on this group, The Polyebaefca have been 
studied by Aiyar and bis co- workers in Madras. 
Among their publications may be mentioned the anatomical 
account of MarpkyM gravely i by Aiyar (1933) and the descriptions 
of the larvs of several families of Polyebeta and of tho 
metatrochophore of the Archiannelid, ChcetogordiuCf the develop- 
ment and breeding habits of Marphysa and Diopalra by Aiyar 
(1931, 1933), the occurrence of hermaphroditism in Diuyc^nc 
cingalata and other Polychaetes by Aiyar and Subramaniam 
(1936), and the observations on the swarming habits and lunar 
periodicity of PUUynertic sp. in the Madras harbour by Aiyar and 
Panikkar (1937). 

In regard to the Hirudinea the only papers of any importance 
are those by Harding and Moore (1927) on the anatomy of Indian 
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leeches, by Bhatia (1930) on the anatomy of PlacchdtUa emydcSy 
and by CheUadurai (1934) on the anatomy of HemickpsU. 

Prashad (1919) studied the comparative anatomy of Indian 
Echiuroid species of ThaUustma while Awati and Pradhan (1935) 
described the anatomy of the Sipunculoid worm Dendrostoma 
signifer. 

Of all the groups of Annelida, the Oligochaeta have attracted 
the greatest attention amongst morphologists in India. Stephen on 
devoted many years of work to the study of aquatic and land oligo- 
chsetes both from the systematic and the morphological points of 
view. His papers on the calciferous and prostate glands in colla- 
boration with Prashad (1919) and Mehra (1919) recorded consider- 
able advances in the morphology of the Oligochaetes. His mono- 
graph (1930), Oligochaeta, is a comprehensive piece of work embody- 
ing all that research in India on the group had made known. The 
nephridial system and the intestinal glands of earthworms were 
the subjects of intensive study by Bahl. In a series of papers 
(1919, 1924, 1926) he described a new type of enieronephric 
nephridial system in tliree species of the family Megascole- 
cidae in which the excretory products are discharged into the 
intestine instead of to the exterior as in the majority of earthworms. 
In 1922 he described the development of this new type of nephridia 
confirming Goodrich’s view of the centripetal growth of 01igoch®te 
nephridia. He (1934) also discussed the significance of this now 
type of nephridial system and brought forward evidence in support 
of the suggestion that the discharge of the excretory fluid into the 
alimentary system is a special adaptation for the conservation of 
moisture in a dry climate. The same author (1921) gave a complete 
account of the blood- vascular system of Phereiima, and in 1927 
described the simplest form of conjugation in the earthworm 
Eutyphoeus. Bahl and Lai (1933) made a thorough study of the 
intestinal glands of the species of EiUyphoeiie from the structural, 
micro- chemical, and experimental points of view and brought 
forward convincing evidence to prove that these glands were of the 
nature of a hepato- pancreas. Among other contributions to the 
morphology of these worms may be mentioned those by Mehra on 
the sexual forms of the Naidid oligochaetes (1920), on the gemta 
organs of Stylaria (1924), and on the relations of the atnum anu 
prostate glands in the Microdrili (1925), and by Aiyer (192S, 1929) 
on the diffuse nature of sexual cells in Aeolosoma travancoreMj 
and on the sexual organs of the Tubificid, Anlodnltis remex and 

^ ^Although the recent development of helminthological studies 

in India has focussed attention on the members 
Platyhelminthes group, there have been, in the period 

under review, only a few papers devoted to the detailed morphology 
of the species kno%Tn. The taxonomic studies, however, 
luv more emphasis on the morphology of species desenbeO- 
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Inference to these has already been made in tlie section on 
Helminthologv. The only papers on the morpholofry of Trematodes 
fre those b'^Stewart (19U) on the anatomy of rclvslornum i-ar/iujm. 
bv Sewell (1920) on the external and mtera! morpliolo>>y of Moores- 
Hum aocioJa and (1030) on the evolution of the excretory system m 
cercari*. and by Sinha (1932-1935) on the morpl,o!o,.V 

and bionomics of the Trematcde para^tea of rept. cs mclud^n^ 



irinh on Indian Cercari* deals entirely wnn viic 
SeL larval forms. The morphology of 

magna, was described in detail by Poche (i02C) who discussed its 
somatic position on the basis of its morphological features 
?VIirza (1929) studied the anatomy of Dracunculus medtveMts and 
compared it with that of species of A4cari8 and Ichthjonenw 
(PhiloTMtra). He demonstrated in Dracunculus the degenerate 
condition of the digestive system and the absence 
nection with the intestine. The contributions of Faust (1927) 
and van Cleave (1928) to the morphology of helminths has been 

referred to in the section on Marine Zoology. 

John (1931. 1932. 1933. 1937) has made a series of contribu- 
tions on the morphology of the head ot •'yngtiui, 
Chaetognaihft distribution of Sagitta of I lie Madras 

coast. Lele and Gae (1936) have studied the Sngitta of the 

Bombay coast. , , , - 

There has been considerable progress m our knowledge ol the 
morphology of this group, perhaps more tlian in 
MoUusca ^oup of the animal kingdom, during 

tlie last quarter of a century. The reason for this has been 
explained in the section on Conchology. Complete anatomical 
accounts of various species of (1) marine. (2) freshwater, and (3) 
land molluscs have been given (1) by Moses (1924) on the Indian 
Chatik. A'oncAws pynim. by Rao (1036, 1937) on the Nudibranchs. 
Kalinga ornoto and Siiligtr popaloi. and by Awati and Rai (1931) 
on the Oyster, Ostrta cuculUUa, (2) by SeweU (1921) on Vwipariu 
b€ngaien 8 i 4 , by Rao (1923) on Jndoplanorbis ej*us(ue. by Prashad 
(1925) on the Indian Apple-snail, Pila giobc^a, and by Seshaxya on 
the Bythinid, Mysoreila costigem (1930). and on the Melaniids, 
Paiud<mv3 tanschaurica (1934) and Melania (Radhia) crenulata 
(1935), (3) by Ghosh (1915) on the Burmese slug. Afopos 
gravelyiy by Seshaiya (1932) on the land -snail, Rkachisellv^ 
pun<Uaiu3, and by Kretschmar, Schneider and Weber (1919, 
1920, and 1925) on the snail Cydophome ceylanicus. Apart 
from anatomical accounts there have been numerous con- 
tributions on the morphology of various groups of molluscs, among 
which may be mentioned those of Annandale (1918-1925) on the 
fresh- and brackish-water molluscs of India and Burma, of Ghosh 
(1920) on the anatomy of Solenidre, of Prashad (1918-1925) on the 
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anatomy of Indian Ampullariid^ and Pelec^'poda, and (1928) on the 
striic^ture of the mantle in the Viviparid®, of Ortmaim (1911*12) 
on the anatomy of bivalve molluscs and of Rao (1924, 1925) on 
the comparative anatomy of Viviparid®, Succineid® and Lymn«id®. 
The morphology of Ceylonese ilolhiscs has been studied in detail 
by German workers. The contributions are chiefly those of 
Hoffmann (1925) on the anatomy, distribution and biology, etc. of 
the Vaginulid Pulmonata, of von Knorre (1925) on the shell and 
locomotory sense organs of chitons, of Seyffert (1931) on the 
anatomy of the FissurelUd Clypidina notata and of Riese (1931) 
on the nervous system of Ct/pr^ra moneia. 

In thi.s phylum morphological studies have been confined more 
Ar(hroDOda class Insecta, but a few papers on 

^ Oustacean morphology have also appeared in 

recent years. Among the latter may be mentioned the contributions 
of Patwardhan and Reddy. Patwardhan (1934, 1935) has contri' 
buted a series of papers on the comparative morphology of the 
gastric mill in the Anomura, Brach\*ura and Macrura adducing 
evidence to show the correlation between the re ptantous habit and 
the possession of a reduced gastric mill and complex mandibles. 
The same author (1937) has contributed a monograph on the river 
prawn, PaJotmon, for the Indian Zoohgical Memoirs. Reddy (1934, 
1935} has given an account of the structure, mechanism, and 
development of the ga.stric armature in Stomatopoda and studied 
the variations In the gastric armature of some South Indian Decapod 
Crustacea. 

Contributions of a monographic nature among Insects appear 
to be very few during the last quarter of a century, but the accounts 
of the anatomy of Dysdercus cingu!<Uus by Fruthi (1923), of Embia 
minor by Mukerji (1927), and of the worker-ant DoryJu^ 
{Aloopone) orientalis by Mukherji (1933) seem to be of this type. 
There are. however, numerous papers on the morphology of external 
or internal structures of Insects by various authors. Some of these 
have already been referred to in t be section on Entomology. Among 
the earliest contributions of this period are those by Awati 
1915) who gave an account of the mechanism of suction in Capsid 
bugs, and the genitalia of the genus Musca. The works of 
Christophers (1922), Pruthi (1923-1929), (Jeorge (1926-1929), and 
Mehta (1933) on the genitalia respectively of Diptera, Hcmiptera, 
Colooptera- and Lepidoptera have unravelled many knotty points 
on the morphology of these Insects. 

The importance of the study of Insect genitalia in taxonomic 
work has been emphasized in recent years, but in the absence of a 
uniform terminologj- in regard to the homology of various parts in 
different orders of ‘insects much difference of opinion has arisen 
with respect to their origin. The gonapophyses in the male Insect 
have been regarded by authors: (1) as speciaUy developed organs 
without any relation to the appendages, (2) as the embiyomc 
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appendages of the last 3 segments of the abdomen, or (3i as those 
of the Sth and 9th segments, the latter being sulxiinded into two 
pairs. Pnjthi (1924j and C^rce working on Homoptera, 

a^d Christophers (192-2) on Culicid* have shown that the aedeagns 
is formed bv the fiision of the paired penis lobes and that iK-fore 
the fusion takes place each part of the prinsarr rudiment iK-comes 
differentiated into the para mere and the penis lobe. 

The anatomy of certain specie^ of the little kno^*n grovjp 
CoUembola has engaeed the attention of Mukherji (193-2i. The 
same author (1926) has studied the dicestive and reproductive 
svstem of the male ant. Dori/lus He and Mazumdar made 

(1935) a comparative study of the digestive system of the eonimoo 
ants of Calcutta. Sen (1931) studied the esiemal morphologj* of 
the Ichneumon fly. Xonthopitnph pedator. Among the papers on 
Coleoptera may be mentioned those of Prut hi (1929) on the mor* 
pbologT of the larva and pupa of the 0r\*opid bee-ile. HilichH4, of 
Pradhan (1937) on the morphology of the genitalia of (‘occinellid». 
of Mukbeiji (193*>i on the respiratory* system of CybuUr larv« 
and of Mukherji and Bhuya (1936) on the reproductory system of 
certain Bmchid beetles of the gentis Bru(hu4. Krishnamurti 
(1929) gave an account of the suctorial apparatus of the cicada. 
PltUypeura odoguttM. while Presswala and George (1935) described 
the respiratory system and the mode of respiration in the water- 
bug. Sphatrodtrmo rusUcum. The Orthoptera have not been 
ne^ect^ either. Rao (1933) studied the sperm atogonial dinsions 
in the Pyrgomorphine Acridlid. Ju/arcA^a rniliarU. and the chromo- 
somal aberrations occurring in unirradiated grasshoppers (1934), 
wliile Kapur (1935) describ^ the musculature and nervous supply 
of the genitalia of the JK-grasshopper and the Desert Locust. 
Sen (1933) studied the genitalia of the common Indian cockroach. 
Periplanda americana. Muker)i (1935) studied the external 
genitalia of the Embiid. Oligoiomo, and earlier still (1927) the 
morphology and bionomics of Emhia minor with special reference 
to the spinning apparatus. The only paper on the morphology and 
biology of a Lepidopterous insect is that of Prut hi (192$) on the 
Hydrocampme aquatic form. Aulacod^A. 

The anatomical peculiarities of the Red pumpkin beetle and 
the cotton White-fly have been studied by Husain while those of 
the X^ac-lnsect have been described by Negi and Misra. The studies 
of the morpholep of the mosquito larvs by Puri (192$) and 
Iyengar (1928) and of the genitalia of the genus Jfuaen by Patton 
and Roy are also worth mentioning. 

The mouth -parts and male genitalia of Mallopbaga infesting 
X. Indian birds were studied by Qadri (1936) who found that the 
genitalia in .4m5f^eem were of a generalized type and had under- 
gone less modifleation iHiereas in Ischnocera they were specialized 
along divergent lines. 
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In his investigations on the wing buds in the pupa of 
Aphaniptera, Sharif (193d) supposed that they were completely 
absorbed in the adult stage, and consequently presumed that the 
ancestors of fleas had functional organs of flight on the metathorax 
which have become rudimentary in the pupa. Sen (1935) has 
sho'vn that the mechanism of feeding in Ticks is associated not with 
the chelicerae or the hypostome but with the stylet of the pharynx. 

The studies of Plate (1916) on the rudimentary hind wings of 
the leaf-insect, Ph^Uium pulchrifolium, of Vogel (1921) on the 
anatomy of the light organs of Luciola chtnen^is, of Ahrens (1931) 
on the body articulation, skin, and trachea of the Termite -queen, 
and of Vitzthum (1931) on the eye of Amblyomma clypeolatum — 
all of the Ceylonese fauna — are of considerable interest. 

The morphological work on this group by Prashad (1934) 
Cephalochordata Franz (1925) has already been referred to in 

the section on Marine Zoology. The latter 
author has studied the nervous system, sense organs, and develop- 
ment of various species (1025, 1931). 

The study of Indian Tunicata by Oka (1915) has already been 
alluded to, but in recent years the interest in 
this group has been revived by Sewell (1026) 
and by Das (1936). The former has described the morphology of 
.several forms of Indian Salps while the latter has devoted tus 
attention to the structure and function of certain stnictures in 
Cynthiid monascidians. Das has shown that the test in these 
forms acts not only as an organ of protection and attachment for 
the animal but also as respiratory and sensory organa by demon- 
strating the occurrence of receptor organs, nerve-cells, nerve 
fibres, and vascular ampulla in the test. He has also suggested a 
.solution for the much discussed problem of carbohydrate storage in 
those animals, and considered it probable that in ascidians having 
a distinct liver the carbohydrate is stored in the form of starch 
while in those with no liver it is stored in the form of glycogen. 

Pisces.— A number of important papers has been published on 
the ID orphology of pa rti cu la r systems of organ s of 
Chordata various fishes. The skeleton of fishes has been 
studied by a number of authors. Sarbahi (1933) and Dharmarajan 
(1936) have given detailed accounts of the skeleton of the Indian 
(’arp, Labeo rokita. and the Sciaenid fish. Otolith us ruber, respectively. 
Bhimuchar (1932) described the cranial osteology of Ophiuphalus 
sfriatus and (1933-34) the comparative morphology of the skull of 
Indian Cat-fishes. Awati and Bal (1933-1934) studied the endo- 
skeleton and blood-vnscular system of the globe-fish, Tetrodm 
oblongus. Awati and Pinto (1937) have described the skeleton ot 
Harpodon nehereus. Sen (1928) gave an account of the branchio- 
cophalic system of blood-vessels and of the dorsal aorta of the 
freshwater Carp, Labeo rohita, while Kay and Das (1931) described 
the portal circulation in the Siluroid fi.sh, Mitra and Ghosh 
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(1931) studied the internal anatomy of certain species of the families 
ChaudhuriidsB and Mastacembclid*. and Kaliiranllah (lJ3->) ^lio 
structure and function of the pyloric caeca in Ophicepli.il.dffi and 
Notopterid®. Nair (1937) studied the changes in the internal 
structure of the air-bladder of Pangasi^u j»n{?c«iw during powth. 
The morphological accounts by Karsten (l92o) and lopovici 
of the eye of Periophthcdintu hArtuitn and of tho uUTat 
ine of bony fishes respectively are besed on inatcrml coMcKod 
in Oevlou- A short paper by Mookerjee (15)34) on tlie develop- 
ment of the intervertebral ligament in Toleostean fishes is also ot 

Bairachia . — ^Tliere are numerous papers on tlie morphology of 
these animals published in recent years. Among the earlier papers 
may be mentionefl those of Nicholls (1915) on the urostyle of Anura 
and of Bhatia and Prashad (1918) on the skull of Hana tjgnna. 
The anatomy of the adhesive apparatus of the tadpoles of Jiana 
afghana was described by Bhaduri (1934-1935), while the pos»nor 
lymph hearts of S. Indian Batrachia were studied by Rno (1932). 
The morphology of the Ranid frogs was studietl by a number of 
authors among whom may be mentioned Ramaswami (1034, 1936) 
on the cranial morphology of Pelobatid Anura, Bhaduri (1932) 
on the urinogenital system of RAocopAorua and on the circula* 
tory system of frogs and toads (1929, 1030), Rai Choudljury 
and Das (1929) on the malformations in Bufo mtlanosiictusy 
Mahendra (1936) on polymely and correlated abnormalities in the 
muscular, skeletal and neri'ous systems of i?ano tigrina, and 
Gnanamuthu (1933) on the anatomy of the tongue of Rana htza- 
dMtyla. The Engystomatid toads have similarly been studied in 
detail by Rao and his co-workers in Bangalore. Seshachar 
(1928), Rao (1930), and Ramaswami (1932) have contributed a 
number of papers on the skeletal and nervous systems of these 
toads. Devanesen (1922) gave an account of the anatomy of the 
Engystomatid toad Cacopui $ystom<x. The little known limbless 
amphibians of the order Gymnophiona have been studied by 
various authors. The papers of Datz and Engelhardt (1925) on 
the skin, eyes and tentacle -apparatus of Ichthyophi^ glutinosus 
and of Chatterjee (1936) on the anatomy of Vr(zo(yphl\u iMnoni 
are among the most interesting. The series of papers on the 
development of the vertebral column of various Batrachians by 
Mookerjee (1930, 1931, 1932, 1935) added materially to our know- 
ledge of the morphology of this group. 

Rtpiilia . — ^This group has received much attention in recent 
years in regard to the morphology of various systems of organs of 
lizards, monitors, tortoises, and snakes. Amongst those who 
studied the morphology of lizards may be mentioned Woodland 
(1920) on caudal autotomy and regeneration, Hora (1923) on the 
adhesive apparatus on the toes of Geckoes, Mahendra (1930) on 
the anatomy, reproduction and development, and Bhatia and 
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Dayal (1933) on the arterial system of the house-gecko, HemidaC’ 
tylus fiaviviridis, Thapar (1921, 1923) and Bhattaoharya (1922) 
on the arterial and venous systems of Varanus, Bahl (1937) on 
the detailed structure of the skull and the disposition of the cranial 
foramina in Varanus, Bhatia (1929) on the arterial and venous 
systems of Uromasiiz, and Gnanamuthu (1930) on tho mechanism 
of the throat-fan in the ground -lizard, Sitana •poniiceriana^ and on 
the anatomy and mechanism of the tongue of Chamatkon cakarains. 
Mookerjee and Cbatterjee (1934) Mookerjee and Mukherjee (1935) 
and Mookerjee (1932) have contributed a number of short papers 
on the skeletal morphology and development of the vertebras in 
snakes and tortoises. Kay (1934, 1936) has studied the arterial 
and venous systems of the Indian rat-snake, Plyas muco3U6, while 
Mahendra (1936) has described tbe endo -skeleton of the blind- 
.s n a ke , T’y phhps b ram intu. Thee pidermal sense organ s of Ceylonese 
Agnmid lizards were studied by Preiss (1922) and E chart (1925), 
wliile the poison-apparatus of the Ceylon Cobra and Viper were 
studied by Wolter (1925) and Radowanowitsch (1931). Tbe 
buccal glands and teeth of opisthoglyphous Ophidia were studied 
iu detail by Sarkar (1923). Mookerjee and Das (1933) have de- 
scribed cer^in peculiar apertures in the vertebral centra of Typhlops 
braminu9, Kao (1933) gave an account of the digestive tract of 
Emyda vittaia. 

Avts. — Bird morphology does not appear to have attracted 
the attention of many workers in India. Das (1924) studied the 
intra- renal course of tbe so-called portal vein in some Indian birds 
and concluded that it does not break up into capillaries or sinusoids 
in kidneys and does not form a real renal portal system. Mookerjee 
(1935) discussed the cause of formation of a hetcrocoelous vertebra 
in the bird. The same author has in a series of papers (1930-1935) 
studied the development of the vertebral column in various verte- 
brates and formulated a hypothesis to explain the procoelous, 
opisthocoelous, ampbicoelous, and beterocoelous conditions of tbe 
centra. 

Mammalia. — The morphology of the Lemur, Loris lydekkeria’ 
nus, has been studied in detail by Kao, Rau, and their co- 
workers in S. India where the species occurs commonly. Bao 
(1927, 1932) dealt with the structure of the uterus and its glands, 
tlio relation of the gland cell-inclusions to secretory activity, and 
tl)e structure of the ovary and the ovarian ovum. Rau and his 
colleagues (1928, 1930, 1931) published an important series 
papers on the gall-bladder, and on the arterial, urinogenital, and 
skeletal systems of the same species of Lerour . Rao and Ayer (1931 ) 
also contributed to our knowledge of the anatomy of this species. 
Mookerjee (1933) gave an account of the external morphology of 
the foetus of an Indian Elephant, while Schulte (1937) described tho 
urinogenital system of the Indian Elephant, Ekpkas indices. The 
I<atter author found that the kidney was not divided into cortical 
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and medully region and was devoid of a plexus. The testes were 
fixed and abdominal and t)io sperm non- motile. I^Iookcrjeo (1932) 
reported on the occurrence of a so-called marsupial bono in 
Microchiroptera, and Ramaswami (1933) described .some stages iti 
the placentatioo of the bat» Vesptrugo leisteri. The vascular and 
gen ito -urinary systems of the squirrel, Sciurus palmatus^ wore 
studied by Tirumalacbar and Sriniva.sa Moorty (1930) and b\‘ 
Siddiqi (1935) respectively. Alalhotiu (1935) gave an account of 
the morphology and the bionomics of the ho use -shrew, Crocidura 
ca^ruUa, while Ayyaiigar (1937) described tho cour.so and distri- 
bution of the nerves supplying levator and rkomboldeus muscles, 
the formation of the phrenic nerve, and other anatomical details 
of tho common ox. Das (1922) demonstrated the common occur- 
rence of truncated thickened umbilical arteries In various species 
of Indian Mammals. 


XV. Cytology. 


Interest in the .study of the Colgi apparatus and mitochondria 
was revived since 1917 by the publication of a scrie.s of papers 
on the c}"toplaaniic inclusions of germ cells by Gatenby. Numerous 
publications have appeared since then dealing with the structure 
and function of the Golgi and other elements in the somatic and 
germ cells. In India work on problems of gaTnetogeuesis only 
has been carried out in certain centres both in North and South 
India, The review of progress of cytological research in India may 
be dealt with under the beads. Oogenesis and Spermatogenesis. 

— 'The mo.st commonly met with bodies of fatty or 
albiiminous nature in tho cytoplasm of growing oocytes are the Golgi 
bodies, mitochondria, nucleolar extrusions, and yoik. Of these, the 
last belongs to the category of deutoplasmic inert material, while the 
first two and, in some cases, the third also are now almost univer- 
sally classed among independent protoplasmic bodies as they have 
the properties of growth and repr^uction like all living organisms. 
Some oocytes have even a system of vacuoles containing a watery 
fiuid. 


It has been established beyond doubt that these extrusions, 
Nucleolar Extru* '"^^y often migrate into the ooplasm, 

sloQs contribute directly or indirectly towards the 

formation of albuminous yolk. The evidence 
for this statement lies in the following facts : (1) the nucleolar 
ions and albuminous yolk are of the nature of protein as 
shown by their reactions to the common laboratoty fixatives, (2) 
the extrusions always precede tho appearance of yolk, (3) the 
nucleolus of the yolk-less oocytes remains inactive throughout 
as in the scorpion, PalamTUBXis, whereas the nucleolus of 
the oocytes containing considerable quantities of yolk shoots out 
uito the cytoplasm a large number of extrusions as in the scorpions 
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of the genera, Bulhus and Eu^orpitUy (4) the extrusions, in some 
cases of oogenesis, form the yolk bodies directly. From the year 
1024 onwards several workers in India have published results 
demonstrating nucleolar extrusions in eggs of various insects, 
crabs, prawns, scorpions, centipedes, and molluscs among Inver- 
tebrates, and in those of tortoises amongst Vertebrates. Prominent 
among these are Bhattacbarya, Nath, and their co-workers, and 
Rai and Subramaniam. 

Judging from the solubility of mitochondria in the common 
Mitochondria fat-sol vents such as acetic acid, alcohol, ether, 
chloroform, etc. the composition of mitochondria 
appears to be of lipo-proteinous nature. The relative resistance of 
mitochondria to fat -sol vents and the progressive increase of that 
resistance in the course of oogenesis, and generally in histogenesis, 
have led to the conclusion that the mitochondria are deprived of 
their lipoidal constituents and give rise to yolk by a condensation 
of albuminous material. Between 1925 and 1034, Bbottacharya, 
Nath, Das, Dhnramnarain, Krishna Menon and Muthuswami 
Iyer have demonstrated the transformation of mitochondria into 
albuminous yolk in the apple -snail, the crab, the frog and toad, 
tho tortoise, and the pigeon, but the demonstration is easier in 
the fresh oocytes as ob«rved by Nath and Bhatia in Bana tigrim 
and Palcemon tamarrfi. 

The Golgi apparatus takes various shapes and forms. It 

occur in the form of a granule, a ring. 
^ a vesicle (as in eggs generally}, a crescent, a 

dictyosomc, a platelet, or a net -work, and is supposed to hove an 
osmiophilic and an osmiophoblc part, the former presumed to be 
lipoidal in nature and the latter to be of the nature of cytoplasm or 
even of a vacuole. Nath (1033) has advanced the view that the 
two parts are only an expression of the quantitative contents oJ 
lipoids based on the observc<l osmic acid and stain (Sudan 111 
and Scharlach R) reactions, and that the time taken for the reaction 
is dependent on the degree of saturation of the 
the previous state of oxidation. Subramaniam and Aiyar (193/) 
have contributed a clear analj^is of the shape and stnict^ 
of Golgi bodies In eggs of Invertebrates and have discussed tne 
pjrobable modes of origin of the Golgi network. Tlie direct trans 
formation of the Golgi elements into fatty yolk was first demon- 
strated by Nath (1924) in the centipede Lithobius forjicatus. '*orK- 
ing oil various Invertebrate and Vertebrate animals, he and ms co- 
workers showed that although the Golgi elements may be 
in a short time, they do not take any stain with Sudan 111 an 
Scharlach B during oogenesis until tho optimum oxidization o 
the lipoid Is reached. Once the li|X)id8 are converted into la 

the stain reactions are positive. That fatty yolk 

the Golgi elements in various animals has been confirmed by sev 

workei-s in India since 1928. Among these may be mentionea 
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Das Bbattacharya and his co-workers, Rai. DharnmnnrainMcnou 
li,d Muthoswa J Iyer, As Nath has sho^^m, tlic m the Oolg. 

apparatus from the youj.gest to the most advunc^l stag -s of the 
ohcytes are best observed in tiie fresli condition. Kcccntlj Subr.i- 
ma^am and Aiyar (1930) have made the interesting si.ggostiou that 
the Golgi bodies produce certain enzymes which, acting on matonals 
derived from cytoplasm and its inclusions, give rise to fat fatty 
VoLk, and yolk. Subramaniain (1937) has also sugge-sted that in 
addition to S3mthesizing yo)k, fat, lipoids. 

the enzymes roav be concerned in the inotabohsm of ordinary 
cells. Bao (1932) observed in the S. Indian Lemur. Loria lijdek. 
kerianus. that both the Golgi bodies and iiutochoiulna assist 
in the formation of secretions in the uterine glamU. Opinion 
in regard to the great diversity of results obtained by various workers 
on the same species of animal seems to bo divided. Subram a mam 
and Aiyar (1930) have cxpresse<l the view that seasonal and geo- 
graphical variations in the environment are tlie cause ot this 
diversity, while Nath holds that variation m the technique of fixa- 
tion is responsible for the diversity'. The nutritive function ol the 
Golgi bodies in the cx^encsls of Vertebrates and Invertebrates has 
been demonstrated by Bbattacharya and Nath and their co- workers. 
In the former they have shown an infiltration of the Golgi elements 
of the accessory cells in the egg through its surround ing membranes, 
and in the latter the Golgi elements of nurse ceUs migrate intact 
along the nutritive roots and mingle with the Golgi elements of 
the oocytes, Recently Subrauianiam (1937) had made the sug- 
gestion that some of the Golgi elements in Protozoa may become 
modified as the contractile vacuole, parabasal or stigma in some 

species. . . .1 

Oytologists in India have controverted Parat s view that the 
^ watery vacuoles which stain with neutral red 

acuome homologue of the classical lipoidal Golgi 

apparatus. Bbattacharya and Nath and their co-workers (1929, 
1930, 1931) have demonstrated the existence of the vacuome and 
Golgi apparatus as independent cell- components in the eggs of the 
earthworm, £/umbricu3f of the pigeon, of the common frog, Jiana 
tigrina, and of various Teleostean fishes. In the e^;s of the two 
latter, the mitochondria, Golgi elements, and the vacuoles are clearly 
seen in intra viUim preparations without the use of neutral red or 
osmio acid. 

iSpermotogenesw.— Very little work appears to have been done in 
India on this subject. Nath (1933) has clearly elucidated the cyto- 
plasmic structures of the curious spermatozoan of the Crab Paraiel- 
phiisa spmtgcro and shown that in spite of its bizarre appearance the 
crab spermatozoan is a typical form . He has also produced evidence 
to prove that at the time of fertilization when the unusual form of 
the sperm changes Into that of a typical one the penetration of the 
sperm nucleus into the egg is assisted by the explosion of the 
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mitochondrial vesicle. Owing to the peculiar form and position of 
the acrosome in certain sperms, the function of the acrosome can- 
not be considered as that of a perforatorium as it was a few years 
ago. Muthuswamy Iyer (1933) has obtained similar results in 
P, hydrodromtts except that the changes in the nucleus of the 
spermatid show minor variations. Rao (1933) studied the behaviour 
of chromosomes in the male germ cells of the Acridiid OrtkacrU. 
Nath (1937) has described, in the prawn, Palcemon lamarrtiy the 
curious structure of the sperm. The explosive mechanism appears 
to be of such great importance that the entire cj^oplasm of the 
spermatid with all its mitochondrial and Golgi material is used up in 
its formation, and the acrosome is altogether absent. Sesbachar 
(1936, 1937) has studied the spermatogenesis of Icktkyopkis 
gluiino^w. 

The occurrence of Golgi apparatus in Protozoa appears to be 
disputed except in the Sporozoa, and the so-called Golgi apparatus 
of these organisms does not an.swer to the definition of the Golgi 
apparatus in other animals. Subramsnium (1937) has recently 
attempted a critical definition of the Golgi apparatus in general 
and of that of the Protozoa in particular. 
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I. Introduction. 

In Volume III of his valuable work on tbe * Forests of India 
Professor E. P. Stebhing gives a fairly detailed account of tho 
progress of conservancy and the development of research in forestry 
for the period 1901-1925. He points out that before 1900, the 
important works of settling, demarcating, and surveying the s^^te 
forests, and bringing their protection on to a sound footing with 
usually con.^ervative exploitation in the more accessible parts, 
occupied most of the time of the professional staff. The next few 
years may be viewed as a period of transition when ideas were 
changing and a more truly scientific attitude towards forestry was 
materializing. The most obvious indication of this was the initia- 
tion of the Forest Research Institute at Dehra Dun in 1906, and 
the opening of its buildings in 1914 which thus ushered in the 
period under review. The progress made during this term oi 
25 years in all branches of forestry' has been far greater than that 

{ 434 ) 
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seen by any previous quarter- century. This fact will become 
apparent from the later sections of this article, which will (leal 
primarily with the silvicultural and management aspects of forestry 
as a branch of applied botany, and treat only briefly of the industrial 
or utilization aspects though these are equally important for the 
balanced progress of forestry and have seen equally far reaching 
developments. That Indian forestry has a long history prior to 
1912 is illustrated by the fact that the ‘ Indian Forester ‘ celebrated 
its sixtieth year in 1935 having been started by Schlich in 1875. 

II. Forest Education. 

From the time the Forest College at Coopers Hill was shifted 
to Oxford in 1905, probationers to the Indian Forest Service were 
trained at Oxford, or (from 1910) at Cambridge or Edinburgh, each 
University providing a regular course in Forestry. In the few years 
preceding the war, a University Honours degree in Science was a 
necessary qualification for probationers who then had to go through 
a further 2-3 year period of professional training and the standard 
for recruits was at that time a high one. Recruitment, except by 
promotion, ceased during the Great War after w hich the academic 
requirements were somewhat reduced for obvious reasons for the 
next year or two, but soon returned to their former high level. 
Owing mainly to over-recruitment at this period, very few appoint- 
ments have been made during the last 10 years. The service thxis 
includes many men well qualified to undertake scientific research 
work when opportunities are given. 

With the opening of the Forest Research Institute arrangements 
were made for professional training in India 

Senior Training beyond what could be given in the long 
Goureea at the / l*. ■ ^ a n « ^ ^ . iaiS 

Forest Research ^tablisbed 2-year Ranger s course, and m 1912 

Institute & separate course was started— the recruits 

having a much lugber general standard of 

eduction than was required for Rangers, in fact most have good 

Indian University degrees. This course was continued until the 

^ng discussed suggestions for training for the Indian Forest 

Service in India bore fruit in 1923 with the appointment of a 

Professor of Forestry and the opening of a new class. It is 

generally admitted that India now has forests which have been 

long enough under systematic management to provide the necessary 

practical illustrations required for teaching purposes, and that 

^ *^^ntly suitable training was only possible in Central 

and Western Europe, a relatively short period spent there will 

now suffice if following on the course of training given in India. 

Unfortunately owing to the stopping of recruitment, the class had 

to close down after only 5 years’ existence, but it is likely to be 

r^P^ed m the near future. The Provincial ^rvice Course, which 

had been m eastence since 1906, was closed down in 1928, as it was 

no longer required under the new conditions. It may be mentioned 
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that th© leading position held by India in scientific tropical forestry 
is recognized in all parts of the world and that foresters from other 
tropical countries are frequent visitors to India. 

In tho subordinate service the educational standard has 
Subordinate improved in all ranks so that there 

Courses available in most provinces Rangers 

and Foresters competent not only to take charge 
of forest ranges and divisional operations such as markings, tending, 
roads and buildings, etc., but also to make and record the 
detailed observations called for in modem research work. The 
Ranger College at Dehra Dun with sixty years’ history behind it 
continues to meet the requirements of North India, whilst since 
1912, the Madras Forest College at Coimbatore has arranged for the 
training of Rangers for South India and Bihar. 


III. Organization of Research. 

It was Dot long after the Research Institute was opened in 
1914 that it was found inadequate to meet the 
Forest Re- demands made on it, the boom conditions and 
Dehra Duo general optimism prevailing just after tho Great 

War being an important contributory factor. 
A new Institute was conceived on an ambitious scale and completed 
in 1927 at a capital cost of approximately Rs. 1 crorc. Tho Forest 
Research Institute as now constituted consists of 5 branches, 
Silviculture, Utilization, Botany, Entomology and Chemistry, 
under the direction of tho President who has for some years now' 
also been the Inspector General of Forests. The Silvicultural 
Branch has come to differ coosiderably from the other four branches 
in that experience has taught that only relatively restricted portions 
of -the field to be covered can be centralized. Expansion of staff 
and work has accordingly been mainly in the provinces, the Central 
Silviculturist acting primarily in an advisory capacity. In all the 
otber branches, centralization offers many advantages and is indeed 
often essential, so expansion has taken place mainly at the Institute 
even when local activities have also increased ; this is most markedly 
the case with Utilization which calls for expensive machinery and 
highly qualified specialists. 

Officers (except for Chemistry) are deputed from the Provincial 
<*adre8, for a period of years, to hold charge of Branches so that 
close touch may be maintained with practical forestry and the views 
of all the provinces have opportunities of influencing the direction 
of research— this is especially the case for the Silvicultural Branch. 

Programmes of research are drawn up in consultation with 
Provinces, the aim being to concentrate attention on the problems 
considered to be most important by the administrative and 
Executive staffs of all partfqf the country. ^ ^ 

The Listitute has ai^nged a senes of Exhibition Halls 
illustrating the various activities of Indian forestry which a recent 
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visiting expert on Museums, etc., classed as among the finest and 
best maintained in the country. It also has accumulated a collec* 
tioD of nearly 8,000 photograplis dealing with Indian forests and 
forestry. The herbarium, insect collections and libraries are also 
of outstanding value. 


(a) Research. 

During the 5 years preceding 1915, R. S. Troup was Silviculturist 
and laid the foundations of systematic research in this field. Two 
outstanding pieces of work were the compilation of all the available 
silvicultural information for eacli important species in his * Silvicul- 
ture of Indian Forest Trees \ and the laying out of a considerable 
number of permanent plots for the collection of growth statistics 
for the chief species which occur in more or less even*agcd crops. 
The book, published in 1021-22, remains the standard reference 
work on the subject, and many of the plots have completed 25 years 
with quinquennial measurements and contribute largely to the 
statistical data required for calculating the permissible sustained 
outturn of our forests. At that time, there were no silvicultural 
research appointments in the provinces and Troup attempted to 
cover the whole of India. E. Marsden succeeded Tix>up and whUst 
continuing the work started by him, attempted to systematize and 
compile the large amount of statistical data collected over a long 
peri^ of years by divisional officers ; unfortunately most of these 
data are unreliable and the methods of collection so varying that 
compilation cannot yield satisfactory results. 

Meanwhile, provinces realized the need of silvicultural research 
to solve the practical problems with which they were faced, mainly 
in connection with regeneration work ; they also realized that it 
was impossible for a single officer at the Forest Research Institute 
to take up all these problems and that the appointment of pro- 
vincial Silviculturists was essential. So, beginning with the 
United Provinces in 1918 and Bengal and Madras in 1919 (Burma 
was actually the first in 1916) one province after another appointed 
a whole time Silvicultural Research Officer, till now there is a 
SUvicultural division or its equivalent in all provinces except in 
Bombay and the newly constituted province of Sind. As will be 
seen later, several of the larger provinces have also created a new 
admimstrative post for Working Flans and Research, the United 
Provinces in 1920 being the first to do so. 

Howard, who had alre^y been closely connected with the 
work in progress and had published a Code for ike Collection <^nd 
TalndaHw of StaHstical succeeded Marsden in 1919. He 
followed up this line of work, and during his term of office compiled 
^ j y. j even-aged crops of Shorea robtista, Pinus longifolia 

1 j shewing the standing volume and intermediate 

yiel^ from t hinning at each decade of age up to maturity on sites 
of standardized quality classes. T^e compilarion of these tables was 
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rendered possible by the measurements accumulated from the 
plots laid out by Troup and D^Iarsden, supplemented by others laid 
out by Howard and his now well trained staff, and provides an 
important landmark in Indian forestry. Howard also continued 
small scale experiments at Dehra Dun on plantation technique, 
as bad bis predecessors. 

The present writer succeeded Howard in 1926 and held the 
post for 11 years. The statistical work was by now thoroughly 
standardized and could mostly be carried on by a duly qualified 
assistant, as was most efilciently done for much of the time by 
I. D- Mahendra. Yield tables for Pinus exceUa were prepared, 
and a new ^et of tables for deodar was compiled to bring out the 
differences in average diameter, etc., of crops grown to the same 
age under different intensities of thinning ; these ‘ multiple 3 del<l 
tables ' were the first of their kind produced in India. Though 
the available data were admittedly very inadequate, a provisional 
yield table for Querevs incanay which presents a problem unknown 
in Western forestry of a tree whose age cannot be determined owing 
to the absence of disting\iishable annual rings, was also prepared, 
as the need was greatly felt for regulating the yield in several hill 
forests where this oak is an Important source of fuel, 

Volume tables have also been prepared for a nun^ber of com- 
mercially important species giving the average volumes of timber 
over a fixed standard size and suitable for conversion in trees of 
different diameters and heights, or on sites of different quality ; 
this continued Howard’s work on similar lines for Skorea, Pinu^ 
tongifolia and Ctdrua. 

The effective standardization of most of this statistical work — 
not that standardization has ever been allowed to become stagna- 
tion, for new and improved methods have been constantly under 
investigation — fiennitted the Central Silviculturist to devote more 
time to the experimental work connected with regeneration 
problems, especially with natural regeneration. In this field, essen- 
tially a branch of forest ecology, no satisfactory research technique 
had been developed and the provincial Silviculturists, with their 
limited facilities and cut off from other research workers, were 
hardly in a position to supply a remedy. To provide a basis 
on which to build further and to render available to local research 
workers experience so far acquired in dealing with the van^l 
problems requiring study, an * Es^ptrimenial Manual*^ was pub- 
lished in 1931, being a companion volume to a new ‘ Statiatical 
Code ’ published at the same time. In the experimental work, as 
in the statistical, it was agreed that standardized methods we^ 
very helpful so long as they left ample elasticity for developments 
met with in individual problems. The proposals were accordingly 
mostly discussed at the Silvicultural Conferences to be describetl 
later, so that the Manual for the most part deals with an agreed 
procedure, with suggestions for the less developed lines of investiga- 
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tion. Representative problems will be discussed later {vid€ iB/m, 
p. 443). A further consequence of the standardization of methods 
Md the decentralisation of most forest experimental work, has 
been that the Central Silviculturist has been able to devote more of 
his time to touring with the Provincial Silviculturists and dis- 
cussing problems and technique with them on the spot. This has 
undoubtedly been of the greatest value to all parties and raised 
the general standard of work particularly in the less advanced 
provinces and in the case of newly appointed and inexperienced 
officers. The same changes have also rendered possible the organiza- 
tion of systematic invest^ations on important problems concerning 
several provinces, examples being the regeneration of ‘ sal * {Skorta 
robusUi), the management of bamboo, and the importance of source 
of seed for teak plantations ; field parties from the Research 
Institute have been sent to assist provincial Silviculturists with 
some of this work and reports published (Indian Forest Rec^frds), 

Provincial Silviculturists have regular research programmes 
drawn up periodically, every 3 to 6 years, usually in conference, 
by the provincial staff, the Centra! Silviculturist being usually 
given an opportunity of making suggestions. To provincial Silvicul- 
turists is due a large proportion of the recent improvements in 
research methods as it is they to whom it falls to try out proposals 
on the practical scale, with the resultant opportunities for meeting 
practical difficulties and making further advances. Such con- 
tributions have come particularly from the United Provinces, 
Madras, Bengal and the Punjab, which provinces have tended to 
take the lead in the matter. 

The interest of divisional officers in experimental work is 
kept up not only by the Silviculturists' keeping them informed 
of the progress of all investigations maintain^ in their divisions, 
but also by leaving to them the carrying out and maintenance of 
such additional experiments, mainly of local interest, which the 
Silviculturist has not time to take up. There is however an import- 
ant change from the old unsystematic methods in that the records 
have to be maintained on the standard lines and the Silviculturist 
has a watching brief to ensure continuity and proper maintenanoe 
and records. 

Recent years have also seen the application of statistical 
methods to an ever widening field of experimental results, and the 
two sections of the Silvicultural branch of the Forest Research 
Institute now overlap considerably whereas formerly they tended 
te be quite separate. In this direction also, the Forest Research 
Institute is much more favourably situated than the local Silvioul- 
turist and is expected to provide a lead. 

That research technique in forestry has meuie great progress 
of recent years is ahewn by the fact that after visiting all the chief 
^search Institutions of Central and Western Europe in 
1931, the present writer found ttiat thoi^h some of their older 
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experiments were providiDg very interesting results which most of 
our own have Dot yet had time to equal, they bad extremely little 
to teach us in this direction as regards silviculture. Only in the 
study of forest soils and their reactions on tree growth and regenera • 
tion could it he said that we were in any way behind them, whilst 
in other directions we could certainly claim to have out-distanced 
them. 

Another recently completed task which has involved a great 
deal of work has been the preparation of a preliminary systematic 
survey and description of the main types of forest occurring in 
India, the results having been published in 1936. The need of such 
a compilation for reference purposes had long been felt, and though 
the information available was very unequal for difierent parts of 
the country and very incomplete in many respects, it was believed 
that— as with Troup’s SilviciiUvre of Indian Treti — the first require- 
ment W'as for a record of what is known, so that the necessary 
corrections can be made and the gaps filled by those interested. 

The collection in accessible form of all silvicultural information 
whether published or collected on tours has always been an import- 
ant activity of the Silvicultural Branch both at Dehra Dun and in 
provinces. At first this information was ledgered under the species 
name and Troup’s monumental work was to all intents and purposes 
a compilation of the specific ledger files as they existed at the 
end of his term of office. Subsequently, whilst maintaining these 
specific files, more attention was paid to a parallel set of subject 
ties classified on a sebense worked out by Howard. The compila- 
tion of these subject files into a complementary volume to Troup’s 
book has recently been undertaken and is in the press as pert of 
a Manval of Indian SilvicuHure by Sir Gerald Trevor and the 
present writer. 

One of the most important activities of the SUvicultural 
Branch at the Forest Besearch Institute has been the organization 
of conferences at which important problems are discussed and lines 
of investigation decided on. 

The first of these conferences was held in 1018 and was chiefly 
concerned with standardizing the methods of collecting statistical 
data for crop increment, the classification of thinnings and the 
principles of working plan control (the function of which is to ensure 
that the prescriptions laid down in management plans for whole 
forests are in actual practice carried out). The recommendations 
were accepted in all essentials by the Board of Forestry meeting 
in tlie following year. 

The second conference was held in 1922. It dealt with develop- 
ments on the lines of work just rcfeirecl to, and also considered the 
standardization of technical terms, records of plantation work, 
etc., but perhaps the most important discussion .settled the relations 
between the central and local Silviculturists. It was agreed that 
practically all compilation work was best centralized at the Forest 
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Research Institute especiaUy that involved in the crop mcrement 
sample plots. On the other hand, the field work both for these 
gro^h plots and for regeneration and .similar iiivestigations co^d 
only be carried out satisfactorily by the local Silvicultunsts, the. 
Central Silviculturist acting in an advisory and a liaison cajmcity, 
and inspecting as many of the plots as possible with the local offieers. 
Copies of all essential records were to be supplied to the Central 
SilTiculturist to enable him to make suggestions on tlieni wlien 
occasion arose, and to keep him closely in touch with all develop, 
ments. Provincial Silviculturists were to visit Dehra Dun 


tnquently as convenient. 

The 3rd conference in 1929 was planned on a more ambitious 
scale and was attended by 36 officers including all those employed 
exclusively on silvicultural research. Once again, developments 
in subjects discussed by previous conferences were dealt with and 
various new items were taken up. Among the latter may be 
mentioned the methods of experimental research, the importance 
of origin of the seed used in plantations, the regeneration of tropical 
evergreen forests (which was producing a crop of difficult problems), 
the problem of the pure teak plantation (against which many 
objections had been urged), forest grazing, thinning research, and 
the selection of representative areas of forest and special individual 
trees for permanent preservation for the use and enjoyment of 
future generations of foresters and the general public. Action was 
subsequently taken by the Central and Local Governments on all 
the resolutions passed by this conference. 

The 4th and most recent conference took place in 1934 and 
followed similar lines. Good progress was reported on the recom- 
mendations of the previous conference, and decisions reached on 
further developments of the several items it dealt with. New 
subjects considered included the artificial regeneration of selection 
(irregular or uneven-aged) forest which presents many difficulties, 
research methods for mixtures in plantations, and the technique of 
teak plantation work. 

This section dealing with silvicultural research may be sum- 
marized to the effect that the period under review has seen the 
development from a single research officer for the whole of India 
working at a newly constituted Research Institute, to an elaborate 
organization centering on one of the finest Forest Research Institutes 
of the world, with a Silvicultural Branch consisting of a Central 
SilvicultuMt and a trained staff of about 20 men acting in closest 
co-operation with a Silviculturist in each province, each with his 
own staff. Statistical computations, compilation work, co-ordina- 
tion and general advisory Unctions are undertaken by the Central 
Silviculturiat, whilst the all important field work and matters 
piwai^y of provincial interest are dealt with by the Provincial 
ouviculturiste. The number of statistical plots now maintained 
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< including Burma) is over 1,600 and of experimental plots, about 
500, giving some idea of the extent of the work in hand. 


Forest Floras 


(6) Forest Botany. 

Botanical work at the Forest Research Institute has been 
mostly systematic or mycological, though R. S. 
Hole carried through some most valuable studies 
on soil factors influencing the natural regeneration of Skorea robusta 
at the beginning of the period. The great progress made in sys- 
tematic work is illustrated by the fact that forest floras are now 
available for practically everj' province, whereas 25 years ago we 
only had Brandis’ Indian Trees, Gamble’s Manual of Indian Timbers 
and a few usually very incomplete local lists. Though most of 
these floras were produced by officers working in the provinces, 
free use has been made of the important herbarium and library of 
the Forest Research Institute. 

In the mycological field, many important parasitic and sapro- 
^ , phytic fungi have been studied, the latest work 

yco ogy being a survey by K. Bagchee of the Ptridermium 
spp. infecting and often destructive to the Himalayan conifers. 
The serious disease of the sandalwood tree known as spike disease 
has also been the subject of investigation by many workers. 


(c) Forest Entomology. 

This subject is dealt with more appropriately in another 
chapter and it must suffice here to mention the large amount of 
work done on the more serious posts of our timber trees notably 
Hoplocerambyx on Shorta, and XyUutes on teak (bee«holc borer), 
und many defoliators, and on the Insect vectors of the spike disease 
of sandal. 

(d) Forest Chemistry. 

This field also need not be described at length here. Investiga- 
tions have been concerned mainly with three branches of the science, 
viz.t wood preservatives, minor forest products such as drugs, • 
essential oils, etc., and soils. Mucli work has also been done in 
connection >vith paper making. 

(c) Forest Utilization. 

The industrial aspect of forestry has naturally occupied a big 
proportion of the funds and staff available for forest research and 
tlie Utilisation Branch of the Fore.^t Re.search Institute is by far 
file largest branch in buildings, staff and budget appropnations, 
tliougii as already noted, this is partly ascribable to centralization 
for all India There are also Utilization Officers in several province 
though their function is mainly marketing rather than re^arch. 
There are research workers at the Research Institute dealing 
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severa.Uy with Paper-making, Wood Preservation, Se“^ing, 
Timber Testing. Woodworking (including veneering, etc.). Wood 
Technology and Jlinor Forest Products, and from small beginnings 
in the years immediately preceding the Great War. a big organwa- 
tion has been built up the extent of which can only be realized by a 
visit to the Distitute. B. S. Pearson who was Economist from 1900 
to 1925 was largely responsible for the satisfactory development 
which has continued steadily up to the present time. IraporUnt 
advances have been made in all sections of the work among which 
may be specially mentioned the use of bamboo for paper pulp, the 
discovery of cheap new timber preservatives, marked improvements 
And cUeapening of seasoning operations, etc. 


IV. Research on Reoenbration Problems. 

(a) General. 

Prior to tbe period under review, the general tendency was to 
apply European methods to Indian forests in the expectation, or 
at leaat hope, that they would prove successful even under the 
very different climatic and other conditions. Occasionally, as 
for Finu^ l^ifolia in the Himalayas and for coppice working 
of many broad-ieaved species in the plains, expectations were 
realized, but as time passed, it became evident that success was 
often not being obtained, notably with many of the most important 
teak and sal bearing forests. Many experiments had been and 
were being laid out all over the country, but without system and 
often without realization of the requirements of such investigations. 
The usual history was for the experiment to be dropped when the 
officer originally responsible for it went on leave or was transferred, 
leaving the investigation uncompleted because a number of years 
is almost always necessary for any conclusive results. Even 
where such experiments were continued longer, the records were 
usually so inadequate that initial conditions and details of treat- 
ment could not be guaranteed, and so much uncertainty remained 
as to deprive the end result of most of its potential value. It has 
been mentioned that Hole took up the problem of the common 
failure to obtain regeneration of sal (Skorea robuMa)^ and demon- 
strated the important part played by the toxic action of a soil 
cover of dead leaves and the corrective effect of burning and soil 
working. This marked the beginning of the change over to an 
ecological approach to such regeneration problems, which has been 
a marked feature of recent years, and is well illustrated by the 
report of the co-operative investigation into the regeneration and 
management of sal published in 1933. It is now realized that many 
of our most important timber producing forests, including much 
of our teak and sal bearing forests, are not the climax vegetation 
type, and the maintenance of their commercial productivity depends 
on keeping them in the appropriate preclimax stage. 
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Closely connected is the much discussed problem of the relative 
merits of the pure (single species) plantation or forest, and a mixture 
of species. After a long period during which plantations were very 
iienerally made of a single valuable species, e.g., teak, and tending 
operations in natural forest aimed at raising the proportion of the 
favoured species even to 100%, there has been a marked swing of 
opinion in favour of mixtures, except in the case of naturally gre* 
j^arious species such as Shores rciifA/a, Pinu^ longifoLia^ Cedrus 
deodam, etc. Systematic investigation of species mixtures involves 
a series of technical difficulties mainly connected with the specific 
variation of rates of groivth with time, the var 3 ring reactions to the 
competition for light and space (above and below p'ownd) of neigh- 
bouring plants, and the inevitable reduction in number of stems 
per unit of area as they grow in size. Such investigations have been 
initiated in the last few years in several centres, notably in Bengal, 
and should yield most useful and instructive information in the not 
too distant future. 

(6) NatartU Rtgeneration. 

Teak and sal besides being our most important species, 
])rovide the best examples of the progress made in recent years 
towards the understanding of the problems involved in natural 
regeneration. With both species it bad become apparent that 
whilst the efficient general protection of the forests had resulted in 
a very great improvement in the density of stocking and the quality 
of the trees, regeneration was often markedly less satisfactory where 
the protection had been most effective. With aal, regeneration 
liacl come to a full stop in many of the finest forests of Bengal, 
Assam and the United Provinces, though the period of protection 
liad resulted in the establishment of large quantities of young 
stock which happened to be just in the right condition to benefit 
from it. It was realized that the most important factor in play 
was fire protection, and fierce controversy raged especially with 
reference to teak in Burma, on the relative merits of burning and 
jirotecting. Foresters were thus awakening to the significance of 
the phenomena we now term succession and retrogression, and 
this was happening from general observations rather than research 
fid hoc. 

The failure with aal was so signal in Bengal that experiments 
, were begun from about 1912 to raise this specle.s 

* in plantations, experiments which were destined 

to lead to a tremendous development of artificial regeneration to 
be described later. In Assam, the chief line followed was to get 
the forests back to their original condition in which they would 
bum, and replace the evergreen undergrowth which bad become 
(‘.stablished with protection by the thin grass which was there Iwfore 
and in which aal regeneration can take place : this procedure, 
consistently advocated by Milroy, has finally been adopted, with 
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some additions aiming at speeding up the rate of ostabhahment of 
the 8eedling9> as the basis of management in some of the Assam 
forests and has assisted in the solving of parallel problems else- 
where.’ In the United Provinces, the solution of the sal regenera- 
tion problem became one of the most important forest matters as 
continuation of fellings in several of the best forests was contingent 
on obtaining adequate regeneration. The outcome was one of tho 
most extensive and systematic investigations in the annals of Indian 
forestry, if not in forestry generally, which was carried on under a 
series of officers from 1919 to the present date. It can now be said 
that the problem is in a very fair way towards a satisfactory con- 
clusion and that the work has made a major contribution to the 
development of the special research technique necessary In forestry 
owing to the large sac of the unit dealt with, the long periods of 
time involved, and the complications due to a series of biotic factors. 
As BO often happens, a number of factors are involved which must 
all be favourably controlled at the right points in time, if success 
is to be attained : suitable top canopy conditions (light Intensity), 
suitable ground cover conditions (involving burning and shrub 
cutting), and protection from browsing by game, must all be 
assured. 

With teak, which unlike sal usually occurs only in moderate 
^ to small proportions in mixed crops, it cannot be 

claimed that so much has been aocompHshed. 
but it is estabUsbed that in many tracts where teak occurs, its 
maintenance through natural regeneration is dependent on annual 
or periodic fires which check or prevent progression to a denser, 
darker and damper stage of the natural succession. To what 
extent burning is harmful or helpful once the sapling stage is passed 
has not yet been quantitatively determined and difference of opinion 
persists even as to its qualitative effect. The fact that teak is 
exceptionally easy to raise artificially has resulted in a tendency to 
create plantations to make up for any deficiency in natural regenera- 
tion, though the reaction of the last few years against plantation 
work in Burma must be mentioned. 

Mention must also be made of progress in natural regeneration 

Conifers ^ coniferous forests of the hiUs. Increased 
intensity of working of the last 2-3 decades has 
drawn attention to the big difference between taking advantage of 
natural regeneration which has established itself more or less 
spontai^ously, and completely regenerating a given area in a given 
has been particularly marked with deodar in 
the Punjab and there are also areas where good mixed regeneration 
^silver fir, spruce and blue pine has been obtained, notably by 
Trevor, as the result of systematic operations to that end. Though 
tt^y experiments are in progress we still cannot however say we 
taow how to regenerate many of our over-mature spruce and silver 
nr forests as a practical proposition. 
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(e) Artificial regeneration. 

The expansion of plantation work has been one of the most 
marked developments of recent years. We have of course plenty 
of examples of most successful plantations from as long ago as 
$0 years or more, conspicuous among them being the famous 
Conolly teak plantations at Nilambur in Madras, but in comparison 
with the total acreage under forest management these were mostly 
very small affairs. Only in Burma could such plantation work be 
said to have held an established place in general forest management, 
apart from special afforestation schemes like that of the irrigated 
plantations of the Punjab (Changa Manga was begun in 1866). 
The failure of natural regeneration of sal in Bengal provided one 
of the chief incentives to attempt artificial sowings, and from 
small beginnings 1911-15, methods were very rapidly developed 
and within a decade had become the standard method on the 
<livi8ional scale throughout the Duars. The stimulus thus given to 
plantation work spread to the misceUaneous forests of the plains 
where Ckickra^siay Omeltna, Terminalia myrioearpa, etc., were sown, 
to the hills with Alnu$y Cryptomeria, Miehelia, etc., and to S. Bengal 
where the old plantations (begun in 1877) were restarted and 
extended with other species with marked success. 

Whilst local initiative in other provinces played a significant 
part, the success of plantation work in Bengal was certainly 
associated with a general increase in interest in plantation work 
throughout the country, and it happened to fit in well with the 
more intensive working called for by the modem working plans 
being introduced about the same time. The United Provinces in 
particular owe much to Bengal for the remarkable development of 
plantation work beginning with its application to restocking of 
failures in coppice coupes in Gorakhpur in 1921. 

Nilambur division provides a good example of plantation work 
which has continued steadily over a long period of years, recent 
<levelopment8 tending towards larger scale work with renewed 
attention to site factors and suitability of the soil to teak. The 
general expansion of work in Madras has shown itself in the opening 
of new centres among which Mt. Stuart (from about 1919) is among 
(he most noteworthy. Travancore also has an excellent senes ot 
teak plantations on the Nilambur model. 

Recent years have seen the development of a special type oi 
plantation work in Bombay and its spread to 
• Rab ’ Method provinces. This is now known as the 

' Rab ' method and is borrowed from the agricultural practice of 
burning leaves and brushwood on the fields, especiaUy those to be 
used as rice nurseries. After timber fellings have been done 
over an area of forest, the debris is collected in places select^ as 
most suitable and burnt there. Seed (chiefly teak) is sown on these 
burnt patches or robs and the seedlings after a few years weeding 
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and tending merge with the coppice and seedling regrowth over the 
rest of the area, the growing stock being thus enriched by the 
addition of well grown groups of the most valuable species. Ihese 
robs may amount only to one or two patches 30'x30' per acre m 
poor forest with little material to hum, or may extend to the 
water part of the felled area (Kanara), but the distinguishing 
feature is that no attempt is made to convert the forest into a 
uniform plantation. 

Mention must also be made of the steady development of tlie 
irrigated plantations of the Punjab which are an important factor 
in the great canal colonies. Large areas have been brought under 
forest in several centres and great progress has been made in the 
whole technique of raising and managing these plantations. Inten- 
sive studies on modem lines with replicated plots, etc., have been 
made on a wide range of problems such as effect of depth and 
frequency of irrigation, spacing of plants, commencement, intensity, 
and frequency of thinning, effect of excluding grass, etc. Sind is 
now starting similar plantations. 

A most important work has been the application of the 
' taungya ’ method. The term is derived from 
* * Burma where the practice is of long standing, 

and it implies the raising of forest crops in 
conjunction with agricultural crops. This is unquestionably one 
of the most significant developments in forestry, above all in 
tropical forestry, and has resulted in the adoption of the ancient 
terribly destruedve and wasteful practice of shifting cultivation 
to the establishment of highly productive plantations in place of 
forest with only a small proportion of saleable timber. Its potentia- 
lities are still only very partially realized owing to our regrettable 
lack of detailed knowledge of the site requirements of most of our 
tree species and to our lack of experience in the manifold aspects of 
plantation management over extensive areas. Essentially, this 
" taungya ' procedure consists in working out all the saleable 
material on a compact block of land, usually firom 30-200 acres, 
and clear felling the rest of the growth. After giving it some 
weeks or months to dry out, the debris is burnt broadcast and the 
area sown to agricultural crops, species and methods varying with 
locality. This work is done by more or less primitive 

peoples accustomed or easily adapting themselves to the prevalent 
conditions. In the same season, or sometimes in the second year, 
forest tree seeds are sown in lines (6'-16' apart) or at fixed intervals 
(usually 6'xfi') among the field crops, and the cultivators tend 
the tree seedling with their own crop. Usually there is only 
partial field cultivation in the second year, the cultivators con* 
tinning to te^ the young trees, and usually from the third year 
the t^ crop is left in full possession of the ground, though in some 
locauties, e.g., in Gorakhpur and the Central Provinces, cultivation 
may continue for 5 years or even longer. The great advantages of 
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the method lie in the better growth obtained with the fully cultivated 
and well weeded ground and in the great reduction in costs, planta- 
tions being otherwise very expensive and only otfering prospects 
of returns after many years : at the same time, more land often 
uith rich soil, is rendered available to cultivation without reduction 
of the forest area. ‘ Taungya ’ having originated in Burma, spread 
early to India on a small scale, but it was in the Bengal sal 
plantations that it became firmly established, thence to spread 
widely and rapidly so that in the United Provinces, with many 
modifications to suit local conditions, from a small beginning in 
1921. it has now become the standard practice on a large scale In 
many divisions. A recent interesting development has been its 
application to relatively inferior forests where forest grazing is 
important and mixed line sowings are raised including both timber 
trees and trees providing good leaf fodder. ‘Taungya ’ methods 
arc in vogue on a smaller scale in Bihar, Orissa and Assam, but so 
far have not proved very suitable to Punjab plains conditions. 

In the Central Provinces, Berar provides an interesting example 
of very successful ‘ taungya * with Aweia arabica on black cotton 
soil, land for cultivation being at a high premium and the soil 
under a tree crop being far more productive than adjoining village 
lai^d long under cropping. There has also been a considerable 
expansion of this class of work under the name of ‘ agrisilviculture ’ 
in various parts of the province though there is still room for 
improvement in the standard of work. * Taungya ’ is not so 
general in South India and has not been a success at Nilambur, 
but the method has been applied in many places including Coorg, 
(/ochin and Tra van core. 

With tills extension of plantation work, the importance of the 
source of the seed has been recognized, analogy mth European 
experience being justified in this case. Small plantations raised 
with seed of Pinus hngi/olia from parents with different intensities 
of spiral grain, a serious defect in timber, sUrted in 1916, demon- 
strated clearly that this defect is liable to be transmitted througli 
t he seed 

In 1931 a co-operative investigation was initiated in eight 
Tirovinces and States into the best source of teak seed for the 
different localities, and it is already clear that there are marked and 
heritable differences between what may, for the present, be termed 
geograpycal races. Similar work is in progress on a smaller 
scale for many other species at the Forest Research 
in the provinces, as weU as for strains of Finns Icngifolia of high 
resin yielding capacity, for races of SchUichera.Buteay etc., of different 
value for lac cultivation, and for strains of Santaium resistant to 

^^^^A^uonrthe many other lines of work which have been taken 

up systematicaUy in recent years, most of wMch have 

least provisional results of value, may be mentioned : seed storage 
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under various conditions, the use of root and shoot pruned seedlings 
{* stumps ') in plantation work, and quantitative studies of the 
effect of varying details of planting methods, size of stock, date of 
planting and the intensity of weeding and soil working. 


V. Tbkmno, eto. 

The earlier management of our forests very usually included 
what were termed ' improvement feelings \ the prescribed object 
being to remove badly grown and inferior trees wherever they 
were harming more promising material. There is no question that 
these operations combined with systematic climber cutting brought 
about a very marked improvement in the growing stock of our 
forests. The past 25 years have seen the recognition and spread of 
the belief — and its translation into practice — that this did not go 
far enough, especially in dense young crops where a good deal 
more often including quite good stems, must be removed to givo 
optimum growth and concentrate it on the best stems which can 
thus reach saleable dimensions more quickly. Much attention has 
been devoted to this subject of ' thinning ’ both by divisions and 
those responsible for research work. Comparative study of different 
thinning methods bristles with difficulties and calls for a lugh 
standara of technique and uniformity of treatment. It has only 
been really systematically taken up in the last few years and a 
long period must elapse before conclusive results will be available, 
but at least it can be said that India has faced the problem and 
made as good a start on it as any other country. Meanwhile, we 
have a standard descriptive classification of thinnings, and the 
yield tables for several of our chief species further provide a quanti- 
tive standard for reference. 

A new line of investigation recently taken up is the study of 
the relative advantages on growth and quality of timber, of pruning 
the lower branches in plantations as compared with leaving them 
to fall naturally. 


VI. PEOTBOnON. 

The importance of forest fixes and browsing in relation to 
regeneration has already been mentioned with reference to sal 
and teak. 

After a period of attempted complete protection against fire 
Fires types of forest, the period under review 

.. 1^ seen a marked reaction which many are 

mcIinM to as a swing of the pendulum too far in the opposite 
direc^on. Whilst it is now well established that for certain objects 
in certam types of forest, burning is helpful from the point of view 
ot sUviculture and ma n age m ent, it is questionable whether the 
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throwing open once more to burning of other types of forest is 
not definitely harmful. There is, however, in theory if not always 
in practice, a fundamentally important difference between what 
happened in fire-protection times when the forests got burnt, usually 
in the middle of the hot weather, by intentional firing by villagers 
or by chance spread of accidental fires, and the modem practice of 
‘ controlled burning ’ under which the burning is done in a way and 
at a season specially selected by the forest officer as the most 
suitable for the objects in view. This is most generally as quiet 
and cool a fire as possible run through the forest as soon as it is 
dry enough to bum (hence the term ‘ early burning '), but may 
sometimes he intentionally later and hotter as when it is desired to 
kill back an evergreen unde^yowth to facilitate regeneration. 
Controlled burning has also been widely introduced as the lesser 
evil in the exceptionally inflammable coniferous forests (and some- 
times also in grassy plantations), where the fire risk is rated so high 
that the risk of a really destructive fire fed by the debris accumulated 
during several years of successful protection is considered more 
serious than the moderate damage done by controlled burning 
every year or two, relative costa being also taken into account. 
For some years now controlled burning has been done in the resin 
tapping areas of Finite long if (^ia in the Punjab and the United 
Provinces, and more recently it has also been carried out through 
young regeneration as soon as it is large enough to survive in 
adequate quantity : the decision as to the necessity for these opera- 
tions was largely the result of the terrible destruction to these forests, 
especially the areas under regeneration, in bad fire years, notably 
the incendiary outbreaks of 1916 and 1921. Controlled burning of 
young sal plantations in damp types where sol is only a fire 
pre-climax is also being tried out in Bengal and likewise that of 
grassy Acacia Caitchu plantations where the fire risk is high. 

The damage done by browsing by wild animals, no^bly 
‘ sambhar * and ‘ cheetal * became very evident 
when plantation work extended in Bengal, and 
game -proof fencing on a large scale was found 
essential for the establishment of most species. The realiiation of 
the important part the same factor played in the natural regenera- 
tion of aal (and incidentally many other species such as Adtna) 
only came in the course of the special studies in the United Provinces 
already referred to. Game-proof fences on Bengal lines were tot 
erected in 1928-29 in several 100 aero units; most instructive 
results were obtained, for it was not long before conclusive proot 
was forthcoming that deer browsing in certain localities was 
to prevent all progress of regeneration beyond about 4' -5 in height, 
the top of every taller sapling being browsed back. Reduction ol 
browsing incidence by fencing against game is now a routine measure 
in regeneration areas in these places. 
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VII. SiLviciTLTCrBAii Systems. 

About 1914 the preyalent sUyicuItural system under wiiich 
Indian forests were worked was the selection system which implied 
the felling of all saleable trees which had reached a fixed exploitable 
girth unless there were dehnite reasons (such as need for seed supply) 
for retention, and was accompanted by improvement fellings of 
varying intensity for the benefit of the more valuable smaller 
trees. There were considerable areas under simple coppice and 
coppice with standards working, and only small areas under uniform 
shelterwood regeneration (as in some of the bill pine forests), or 
clear felling with artificial regeneration. Since that time, there 
has been a very pronounced trend in favour of systems with con- 
centrated regeneration either natural or artificial. The shelter- 
wood system has been adopted for nearly all the pine and deodar 
forests except on very steep and broken ground, and was first 
introduced into the plains sal forests in Collier's 1914 Working 
plan for the Haldwani division, to be subsequently extended to 
most of the plains forests of the province and beyond, in modified 
forms, in Bihar and Orissa, the Central Provinces and Assam. The 
' Coppice with standards ' system has tended to fall out of favour and 
simple coppice to extend, especially in the Central Provinces where 
it has subsequently been slightly modified to retain promising groups 
of young growth and to exclude inferior areaa on which all existing 
cover is best retained. 

The great spread of clear felling with artificial regeneration 
has already been described and is common in varying degree to all 
provinces. It has nearly all been at the expense of the old selection 
system though this must long continue over the greater part of 
area as the conversion is naturally a slow process. This change 
has affected teak bearing forests most fundamentally but, as noted, 
^ extensively in sal forests and mixed deciduous 

foresto. The regeneration of tropical evergreen forest in this way 
IS still under experiment being open to certain objections only 
applying in sm^er degree to the types already mentioned. In 

^ noted that practically all the intensive 
statistical work hitherto done on crop increment has dealt with 
OP Iw eyen-aged crops, and corresponding data are seriously 
lactog ior the uneven-aged or selection form of forest. Only in 
the last few years has any serious effort been made to coUect xrowth 
and rnomhty statistics for selection forest and that almost 
exclusively m the United Provinces. ^oso 



V • ^Mtaons of this system and even {foUowing the 

“ however a very different matter 
from the old ladian Selection system which amounted to little 
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zaore than exploitation fellings of mature trees, and it approxi- 
mates more closely to that of European practice calling for even 
greater care and professional skill than the even aged shelterwood 
systems. 

Though Indian practice was naturally founded on the European 
training and experience of the professional staff, it has in the course 
of time developed its own methods adopted to its own requirements 
and we now rely on our own efforts for continued progress. The 
position is well brought out by Sir Gerald Trevor in bis account 
of Indian Silvicultural systems in the Alanual of Indian SilvicuUurty 
now in the press. 

VIII. Working Plans, 


The prescriptions for the application of suitable silvicultural 
systems to a given area of forest, usually a divisional charge of 
250-1,500 sq. miles, together with all other prescriptions for its 
systematic management, constitute what is termed a working 
plan . Good working plans are essential to sound forest management 
and the progress made in them during the last 25 years is one of 
the chief accomplishments of the peri^. Not only has there been 
an extension of the area covered by working plans so groat that 
practically all forests at present capable of intensive working are 
now provided for, but the plana themselves are based on far sounder 
data thank.s to the stock mapping, and enumerations carried out 
and the statistical studies already referred to* Excluding Burma 
and Assam, which still have large forest areas for which working 
plans are not needed at present, out of nearly 80,000 sq. miles 
requiring working plans only about 500 sq. miles of forest are with- 
out them (1934-35). . . 

Working Plans were formerly all scrutinized and sanctioned 
by the Inspector General of Forests, but with the appointment of 
Chief Conservators this centralization fell into abeyance, though 
most provinces continued to send their plans U> the Inspector General 
of Forests or the President of the Forest Research Institute lor 
any suggestions they might like to make. This latter practice is 
still continued and has the additional advantages of keeping the 
Forest Research Institute informed of developments in the ® 

and of enabling the Central Silviculturist to help the latter with 
information on the latest sUtistics and yield calculations. 

Working Plan control, i.e., the check that the prescriptions ot 
the sanctioned plans are actually cairied out has “I*® 
improved in recent years and Indian practice at le«t in the more 
advanced provinces can stand com^nson with that of *"7 
country. Another development of this period h^ been 
to organize satisfactory arrangemente under which areas 

of forest can be entrusted to the villages dependent on them ^ 
forest produced and grazing. In the Bellary Circle in >fadi^ 
largo areas were handed over to panehai/ai management and the 
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examples hae been foUowed to some extent in the United Provinces 
hills and elsewhere. It is too soon to draw conclusions from these 

experiments. _ 

IX. Uthjzatton Research. 

It would be out of place here to describe the work accomplished 
in Utilization research, but one or two investigations carried out in 
the forest call for mention. The chief of these is the study in 
progress of certain factors influencing the jneld of resin from pine 
trees as this is primarily a biological subject calling for special 
research methods taking into account the many variable factors 
likely to influence reaulU. The investigation in the United Provinces 
on this subject, which has been carried on in the last five years and 
is likely to be continued several years more, is one of the most care- 
fully organized pieces of forest research known to the writer and 
should yield valuable results as well as add greatly to our experience 
in research methods, Forest management is naturally very closely 
bound up with intensity of forest utilization, for the more complete 
the utiliution of the produce of a forest, the more intensive is the 
management possible and desirable. Thus all extensions in the 
uses of wood, whether for paper pulp, charcoal, poles or pit props, 
react on silvicultural practice, rendering possible thinnings and 
similar operations which may otherwise be difficult to justify on 
the score of expense. 

The fuller utilization of forest grazing and fodder supplies 
should also be referred to as much attention has been drawn to it 
in the last few years. Investigations are in progress in the C.P., 
Bombay and elsewhere on the effects of rotational closure, seasonal 
grazing, varying number of acres per head, etc. Here again, satis- 
factory and practical experimental methods are difficult to devise. 
Experience must be gained and some years must elapse before 
definite results can be obtained, but at least an earnest start has 
been made. 

X. CONCLCSIOK. 

This survey should make it clear that Indian forestry has good 
grounds for claiming to have made very rapid and fundamental 
progress in the past quarter of a century. A considerable pro- 
portion of this progress can definitely be ascribed to a more scientific 
outlc^k in keeping with the trend of the times, as reflected by the 
pro^ion for S3r8teznatic research which has taken place during the 
period. Progress has been particularly marked in the Improvement 
of working plans and the data on which are based both quantitative 
or silncidtural, and quantitative or statistical. The development 
of ^fficial regeneration, the improvement of natural regeneration 
teohmque and the application of improved silvicultural systems 
aw conspicuous features in this general progress, and the evolution 
of research methods suitable for application to the complex bio- 
logical problems presented by forestry is also worthy of mention. 
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I. Introductory Remarks. 

A chapter dealing with a subject so broad as that of Engineering 
in India during the past twenty -five years could be compiled only 
by soliciting the help of engineers who had, during this period, 
been in association with the yarious classes of work carried out. 
A generous response was made to appeals for assistance in this 
respect and the descriptions which follow below have, as will be 
gathered, almost in their entirety been prepared by engineers who 
are now in India and have been engaged upon the operations 
described or haye had opportunities of acquiring a first band 
knowledge regarding them. 

Endeavour has been made to put on record, in section II of 
the chapter, the characteristics and the salient points in connection 
with a number of the great schemes which have been executed. 
Noticing more comprehensive than this could possibly be essayed 
in the space available. A technical description of any one of the 
schemes would, as may be seen from the minutes of the Proceedings 
of the Institution of Civil Engineers and of other bodies, in which 
such descriptions have been published, require more space than 
could fairly be allotted to a mere chapter. All that could further 
be done was to give foot-notes, to enable those who may wish to 
penetrate further to refer to the sources of more detailed informa- 
tion. This branch of the subject is dealt with in this section under 
the heads Irrigation, Railways, Electrical Projects, Ports and 
Harbours. River Control and Bridges, to each of which a sub-section 
is devoted. If the criticism be advanced that this list is not entirely 
comprehensive, it roust be accepted : it is true that much has been 
done in other spheres of engineering activity, and that India, along 
with other countries, has made great mechanical progress also in 
other directions. But a representative set of headings had to be 
selected, with due regard to considerations of space, and the collector 
of the information is not unaware of the fact that he may be accused 
of having displayed, in making it, the bias of a Civil Engineer. If 
it is also thought that there are omissions under any of the head^ 
and that some projects have not received the mention to which 
tliey were, by virtue of their importance, entitled, then the com- 
piler IS in the happier position of being able to pass on some measure, 
at any rate, of the criticism to his collaborators. From all of 
which it will be gathered that this record of engineering work is 
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commended with some diffidence to the attention of the Indian 
Science Congress Association. 

Whilst the second section of the chapter constitutes, as already 
explained, a brief record of some of the engineering projects 
which have been carried out in India during the past twenty-five 
years, it was felt that a third section of a memoir of this description 
could very appropriately be devoted to a branch of engineering 
activity closely associated with, but yet distinct from, the actual 
execution of the work. The engineer is increasingly dej^ndent 
upon the conclusions drawn from the results of experimental investi* 
gations. Research of this nature has become almost a branch of 
engineering in itself. In particular, a vast amount of attention 
has in the last few decades been devoted abroad to the investigation 
of hydraulic problems of various kinds and the compiler was aware 
that India could in this respect claim to have played no unworthy 
part. It was, therefore, determined to invite the collaboration, 
among others, of officers in the Irrigation Service who could speak 
with authority on this subject, having themselves been responsible 
for much of the research which has been carried out. In section IH 
will be found a record of much useful work of this nature which has 
been carried out in India and the direct practical results of the 
investigations are in many instances pointed out. It is possible 
that this section may, from its nature, be of closer interest 
to some readers of the Indian Science Congress Association’s 
Jubilee Memoir than will the recital of the projects successfully 
executed, comprised in the second section. If so, it is fortunate that • 
certain of the collaborators have felt the necessity for entering into 
somewhat greater detail in the descriptions of their work than 
will be found in section II. The full significance of experimental 
work of this nature cannot always re^ily be grasped through 
abbreviated accounts and the reader will be able, if he wishes, to 
follow in some detail the nature of the work done by the investigat'Ors 
in the solution of their problems. 

In this connection, too, it is realized that the account given 
by no means comprehensively sets forth all the work of experimental 
investigation carried out both by engineers and by those who work 
in association with them in this truly international sphere ; and 
the statement ^ven below will have served its purpose, if it succeeds 
only in indicating that engineers in India have U^en a full share 
in the research work incidental to engineering problems, when 
these are attacked by modem methods. 

n. EKOtNBBBiNO PBOJSCTS CA&BIBD OT7T AND QENBRAIj 

PKOQBBSS UADB. 

(i) Ibbioation. 

Jfr. M. T. Gibling, Secretary to the Central Board of Irrigation, 
gives below a graphic account of the advance which has been made 
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in Irrigation in the whole of India since 1912. It is right and 
proper that Irrigation should have the leading place in a Memoir 
of the nature, for, although India may have no cause to be ashamed 
of what has been accomplished in other branches of engineering, 
it is common knowledge that in Irrigation matters she stands pre- 
eminent, on account of the magnitude, individual and in the mass, 
of the projects which have been executed and also of the skill 
with which the enormous difficulties have been surmounted. 

Mr. Gibling does not hesitate to touch on failures and dis- 
appointments and he shows how these have been in some cases 
retrieved. The allusions which he makes to the value of research 
in connection with Irrigation will, It is hoped, whet the appetite 
for the fuller treatment of this subject which is given in section III 
of this chapter. 

(o) OtTural. 

Nature has (Mr. Gibling writes) bestowed her favours of rivers 
and rainfall on the sub-continent of India with a capricious hand. 
While some areas are completely devoid of rainfall throughout the 
year, there are others where it is recorded in hundreds of inches. 
There are few areas, however, which enjoy a well distributed pre- 
cipitation throughout the year as is usual in the British Isles, and 
it te only in such limited areas that the natural resources of fertile 
land and sunshine can be put to full use without artificial supplies 
of water. It is in the provision of these artificial supplies that the 
irrigation engineer has found scope for his activities. 

The provision of a supply of water as a substitute for rainfall 
has no doubt been practised on this planet since the creation of man, 
and even to-day the simplest methods of lifting water from streams 
or holes in the ground in animal skins are in use. And although 
on the other liand science haa shown her influence in the develop- 
ment of the up-to-date methods generally employed, the principles 
remain unchanged. The earliest irrigators must have found the 
benefit of damming a stream for storage when supplies were running 
short, or to ‘ head up ' and provide a gravity supply in a small 
off-taking channel. It is almost certain too. that the existence of 
sub-soil water was an early discovery and that that source of supply 
was tapped when other supplies foiled. It is the increase in popula- 
tion that is responsible for the application of these principles on 
larger scales, by which vast areas in many parts of the world have 
been brought under cultivation by the aid of irrigation. And on 
account of India’s large and rapidly increasing population, and her 
natural resources of water and fertile land, she leads the world m 
this science to-day. In fact, the area now under irrigation in 
India is greater than the irrigated areas of the next five leadmg 
irrigating countries including the United States of America. Much 
of this development has taken place in the last half century, but 
very rapid advance has been made in the latter half of that period. 
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India’s population has grown from 315 million in 1911 to nearly 
353 million in 1931, and is expected to reach 400 million by 1941 
or earlier. In the past 25 years the area irrigated by Government 
works in British India has expanded from 22 million acres to 30 
million acres, making an increase of 36%. The value to the county 
of this wide development can be appreciated to some extent irom the 
values of crops grown under irrigation- In 1910-11, crops to the 
value of 62 5 crores of rupees were raised on irrigated lands, whereas 
in 1934-35, the crops grown under irrigation were valued at Rs.Ol 

The Indian Irrigation Commission (1901-03) undoubtedly 
provided a fillip to irrigation development during the last quarter 
of a century, although some schemes, including the Lloyd Barrage 
Scheme in Sind, which they did not favour, have also been carried 
through. Their main consideration was the protection of the 
country from famine, but considerable progress has taken place not 
only for this purpose, but also for genera) development of the 
country, and the consequent uplift of the masses. Although very 
large areas in India were protected to some extent by inundation 
canals, full use was not made of the land and water available until 
perennial systems were introduced. On account of tliis advance, 
not only have the cultivators obtained security of employment 
and income, but the Provincial Governments have added sub- 
stantially to their revenues. The Punjab Province may perhaps 
be particularly mentioned In this respect, since there has been more 
rapid development of irrigation in that Province than in any 
other. 


(6) Stcragt Works in Bombay and Madras. 

The principal schemes undertaken during the period under 
review can be classified under two main groups, namely, storage 
reservoirs and weir controlled schemes. The former are to be 
found mainly in the Madras and Bombay Presidencies where the 
absence of large perennial rivers renders the storage system of irriga- 
tion a necessity, whereas the latter are common in the North of 
India, where the rivers are fed from the snow-capped Himalayas. 
The storage works, which include in their number such magnificent 
structures as the Lloyd Dam at Bhatgar and the Wilson Dam 
at Bhandardara in Bombay Presidency, and the Cauvery Metur 
Dam in Madras, have surpassed any of the works of that nature 
COTstnicted in the previous century. The Lloyd Dam with 21*6 
miUion cu. ft. of masonry, and the Wilson Dam towering to a height 
of 270 feet above the river bed, are both classic works of their 
time, built with a gravity section of uncoursed rubble in hydraulic 
lime mortar. The Lloyd Dam stores water to feed the Bight and 
Left Bank Canals of the Nira Valley, where an area totalling 
834,000 acres is not only^ protected from &inixie, but is provided 
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with a secured and plentiful water supply. Similarly, the Wilson 
Darn, which stores as much as 10,OS6 million cu. ft. of water during 
the monsoon, releases it for perennial cultivation over an arid area 
of about 200,000 acres which was one of the worst famine areas in 
the Deccan , Although of outstanding dimensions, these works were, 
comparatively, of simple construction. Nevertheless there were 
many local difficulties in obtaining the requisite materials such as 
sand and hydraulic lime for mortar, whilst progress was hampered 
by the Great War. As a special precaution, Bhandardara (Wilson) 
Dam was constructed in the form of an arch of 6,000 feet radius 
although its section was of the ‘ gravity ' type. This provided 
additional security for this dam which is the highest in India, 
and which at the time of its construction, was one of the liighest 
in tlie world. 

The Lloyd Dam has replaced the Lake Whiting Dam which 
was built during the period 1881 to 1892, and served an area of 
270,000 acres on the left bank of the Nira River. Wltli the 
expansion of sugarcane cultivation, the original storage was 
found to be insufficient and the Indian Irrigation Commission 
approved of the proposal to increase the storage, and expand the 
canal system. Although it was originally proposed to add to the 
existing masonry dam, it was eventually decided to build a com- 
pletely new stnicture, owing to the technical objections to grafting 
new masonry on to the old. During construction of the Lloyd 
Dam, the old dam continued to store water for irrigation, and at 
the same time supplied hydraulic power for the generation of 
electricity which was utilized to drive stone crushers, mortar in ills, 
pumps an<l other machinery during construction. The old dam 
was eventually submerged. 

The Lloyd Dam is traversed by shafts and galleries to dram off 
any water that may leak into it, and also to permit inspection of 
its interior. It is also provided with instruments and apparatus for 
the electrical recording of temperatures, expansion and contraction, 
and deflection under pressure. . 

The Cauvery-Metur Dam in Madras was constructed in tne 
period 1925 to 1934 and in addition to irrigating an area of 1 »352,0W 
acres it has provision for the generation of electricity which will 
increase enormously its utility and earnings. This is the hret 
large dam to be constructed in India in wluch cement was used in 
urefercnce to lime. Before embarking on this new departure, the 
question was referred to a Sub-CJommittee of Chief Engin^rs of 
other Provinces who were asked to give their opinion on the following 

proposal : — ^ 

‘ The Engineer-in-Ghief of the Cauver>’ (Metur) Project 
proposes to change the material of construction of the dam 
from cyclopcan masonry in surkhi mortar to concrete in 
cement The arguments in support of the cliange are that 
construction could be completed in 4 years with an earlier return 
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of roTODue, that cement concrete is safer, ia normal modem 

practice, and indirectly is cheaper.* 

The Sub'Committee favoured the proposal, and construction 
of the dam in cement concrete was undertaken, 206,000 tons of 
cement being used. By the introduction of this change in material, 
it opened the way to the extensive use of machinery in construction, 
and the project is noteworthy on this account. Moat of this 
machinery was specially import^ from England, and included two 
gigantic concreting towers each 306 feet high and weighing 1,4(J0 
tons, which together were instrumental in the laying of 1,500 tons 
of concrete a day. To meet expansion and contraction of this 
mass of 54*6 million cu. ft. of concrete, the dam was built in sections 
of 126} feet in length, which are connected together by U-sImpcd 
copper strips running the entire height of the dam, with the closed 
end facing the water. The dam is pierced by vertical shafts leading 
into a drainage and inspection gallery over 4,000 feet in length. 
The sluice gates are operated by electricity but can also be mani* 
pulated by hand-worked machinery. Electric power for con- 
struction purposes was supplied by the Mysore Government from 
Sivasamu^am, a distance of 65 mUes. 


(e) Ctntral Provinces. 

Another storage scheme of note, although not in magnitude 
in the same class as those mentioned, but nevertheless of con- 
siderable value to many thousands of cultivators, is the Tandula 
Canal Project in the Central Provinces, which was undertaken as a 
protection against famine and brought to completion in 1923. 
The project comprises a twin reservoir on the SuUia and Tandula 
Rivers, and a canal nearly 69 miles long with distributaries aggre- 
gating just over 600 miles. The two dams are of earth work, one 
being 1} miles long and about 70 feet high, and the other IJ miles 
long and about 80 feet high. The canal has a discharging capacity 
of 1,731 cusecs. The staple crop irrigated is rice, of which nearly 
100,000 acres are cultivated annually. The reservoirs provide 
perennial water and dry season crops are also grown. 

{d) N<frth^m India, 

Coming now to Northern India, we find that the last quarter 
ot a century has brought into existence several gigantic schemes of 
supreme mterest and importance. The Punjab, United Provinces 
and Smd have earned to completion projects which are unparalleled 
m any oto« country, and this development has brought large 
areas in the Northetn belt of alluvial plains under perennial ixiiga- 
tion. The rivers which pass through these Provinces depend 
almost en^ly upon the Himalaya Mountains for their supplies of 
water, and although the rivera are nonaaUy in full flow dining the 
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monsoon months (July, August and September) only, when 
enormous volumes of water fiow into the sea, there is a certain 
perennial flow from the melting snows. Although inadequate, 
these cold weather supplies enable perennial irrigation to be prac- 
tised. and justify the expense of harnessing the rivers to feed the 
weir- controlled canals. In these vast alluvial plains there are 
very few outcrops of rock, and certainly none in the channels 
through which these rivers flow. Despite this absence of rock 
foundations, the irrigation engineers have constructed their weirs 
and barrages. But not without failures, and it is these failures 
which have been responsible for investigations through which it 
can now be said that a satisfactory solution to the problem has 
been reached. From meagre practical experience, and incomplete 
and inaccurate theories, works on permeable foundations were 
do'^iffned and constructed, but there was no substantial proof that 
thev would withstand the monsoon floods, or the heading up in the 
cold weather, with a low or empty river on the downstream side. 
The chief troubles with this tyjt^ of work were * piping ’ underneath 
the work, or destruction of the downstream apron by floods or 
retrogres.<ion of the river bed. As a result of investigation in the 
field and in the laboratory, with mathematical substantiation, these 
difficulties have now been overcome. Two works of this t\’pe which 
recent! V suffered owing to the lack of satisfactory design are the 
Islam Weir in the Punjab and the Anderson Weir in Bengal. The 
investigations into the failure of these works have added consider- 
ably to knowledge on the subject of design and construction. 


<€) TripU CanaU ProjiCt 

The Triple Canals Project in the Punjab was completed in 
1917, and brought under the command of irrigation an area of 
. acres. This project was considered to be the most 

difficult engineering work of its kind undertaken in India, and it 
embo<lie<l several outstanding features, such as the level crossing 
at Balloki on the Ravi River, where the waters of the Chenab and 
Ran Rivers are deviated to the Lower Bari Doab Canal. The 
Upper Jhelum Canal presented unusual difficulties in design and 
construction since the head reach of it passes through broken 
rockv countrv. with manv large cross drainages. Nevertheless, in 
<pite of these numerous difficulties, the project was brought to 
successful completion and cultivation expanded in that area from 
about one million acres in 1916-17 to about two mUlion 
1935-36 The«e figures, however, neither show nor meAsure all the 
material benefits of the project, and they cannot in any me^ure 
its intangible benefits. Before the introduction of this 
the tract was sparselv populated by people who were fompeU^ to 
sub<i.'t on wild berries, edible lizards, and camel s milk, and their 
chief occupation was cattle stealing. 
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(/) Sutlej Valley Project, 

The next large Punjab work to be undertaken was the Sutlej 
Valley Project, which was designed to place the Sutlej waters at 
the disposal of large areas in the Punjab, and in Bahawalpur and 
Bikaner States. This immense scheme embodies four main wolrs 
on the Sutlej, namely the Ferozepore, Suleimanke, Islam and 
Panjnad Weirs, and although some of the areas were previously 
irrigated by inundation canals, the chief object of the project was to 
open up and colonize waste lands, and this justified the financial 
outlay. 

The design of weirs on sand foundations had not then reached 
perfection, and as already indicated, the Islam Weir failed two 
years after completion, and in view of the experience with this 
work, the Panjnad Weir was remodelled. 

An innovation on this project, was the lining of a long length 
of one of the main canals to prevent seepage, and this work stands 
to-day as the finest example of its kind in the country. The head 
reach of the Gang Canal which is merely a feeder to the Bikaner 
Canal system taking off from the Perozepur Weir, passes through 
very sandy country for a length of nearly 100 mOes. In order to 
prevent excessive seepage in this long len^h, and possible ruination 
of the area by waterlogging, it was decided to line the canal for a 
length of about 60 miles. Tlie lining consisted of unreinforced lime 
concrete of about 6* thickness, the materials for which were 
supplied from Bikaner State where Urge supplies of lime kankar 
were avaiUble. The seepage in this length of canal is about 
2 cuseesper million square feet of wetted surface, whereas, although 
the usual allowance for large channels is 8 cusecs, it is probable 
that seepage in this length would have been anything from 12 to 
16 cusecs per million square feet. The value of the water saved 
has no doubt alone justified the initial outlay on the lining, but 
there must have been considerable saving in the maintenance costs 
of this channel compared with that of an ordinary unlined channel. 
Owing to the proximity of the Eastern Canal which runs parallel to 
it, the Gang C^a4 was not lined in the first five miles of its length 
for fear that the subsoil water pressure would blow up the lining 
when the canal was empty. 

There was difficulty in obtaining suitable labour for this 
project and extensive use was made of mechanical excavators. 
Indeed, the large extent to which machinery was employed was 
both an innovation and a feature of the scheme. In addition to 
excavation it was employed for pumping, revetting, pile driving, 
stone crushing and the mixing and ramming of concrete ; the motive 
power being either electricity or compressed air. 

Unfortunately, in the absence of a complete soil survey of the 
area to be commanded by the canals, it was subsequently dis- 
covered that large areas in the Bahawalpur State, although com- 
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manded by the now canals, were really unsuitable for irrigation, 
and after an extensive survey the commands of the canals were 
readjusted. 

( 9 ) Sarda Canal Project. 

About the same time that the Sutlej VaUey Project was in 
progress in the Punjab, the United Provinces were embarking on 
an extensive perennial scheme from the Sarda River, the main 
channel of which, the Sarda Canal, commands an area of about 
four million acres of culturable land in nine districts of the United 
Provinces, from Pilibhit in the north to Rae Bareli in the south - 
The Indian Irrigation Commission reported on the proposal for 
this scheme in t])e following terms 

' There is probably no scheme for the introduction of 
canal irrigation into any part of India, which has formed the 
subject of so much discussion as that for a canal from the 
Sarda river for the irrigation of Oiidh. Nor has any more 
difficult problem been laid before us.' 

In 1320, however, the preliminary works of the Sarda Canal 
Project were commenced and it was nearly 9 years later when the 
canal was formally opened by Sir Malcolm (now Lord) Hailey, 
then Governor of the United Provinces. In addition to many 
difficulties during the Great War period when materials, staff and 
labour were in great demand in other spheres, and prices were high, 
this work suffered many set-backs. In the neighbourhood of 
Banbassa, where the hendwork^~^f the project are situated, the 
jungle and swamps presented exceptional difficulties by way of 
rendering the place unsafe and unhealthy to inhabit, on account 
of wild animals and malaria. Extensive clearance and drainage 
works had to be undertaken before it was possible to keep labour 
on the work. Except on the head works, for which pumps parti* 
cularly were required, very few mechanical appliances were em- 
ployed, the vast majority of the work beir^ carried out by coolie 
Jabour. In anticipation of the difficulty of obtaining and retaining 
labour, a steam ' grab ' was introduced in 1921 for dealing with the 
under-water foundations of the barrage, but owing to the nature 
of the soil to be excavated it proved uneconomical and was sold. 
Light railway plant comprising 40 odd miles of track, 12 locomotiw, 
and over 700 wagons of various types rendered efficient service, 
but there was considerable difficulty with pumps driven by oil 
engines, which was principally due to sand getting into the bearings. 
Electric plant was then installed to replace the oil engines, but that 
completely failed. Crude oil engines were introduced in 1925 and 
they proved satisfactory, and it was not until that year that good 
progre.ss was maintained. 

The headworks of this project consists of a barrage on 
meablc foundation.^, with 34 gates spanning 60 ft. each, and the 
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m&m canal (Sarda) which is 350 feet wide at the head, and has a 
system of channels 4,260 miles in length. ^ 

The culturable area commanded by the system is about 7 
million acres, a large portion of which is devoted to sugarcane 
growing. In fact, this project is responsible for the boom in the 
sugarcane industry which the United Provinces have enjoyed. 

There are several interesting features of this project sucli as 
aqueducts and siphons, and the Jagbura torrent crossing over the 
main canal Is famous. The taU escape from the main canal is 
unique in that there are seven faUs throughout its length, totalling ^ 
a drop of 53*5 feet, while the channel is designed to carry 5,000 
cusecs. 

Taking advantage of the unhappy experiences on other pro- 
jects in various parts of India, and in view of the comparatively 
high rainfall in some parts commanded by the scheme, the U.P. 
engineers incorporated an extensive system of drains in their 
project. When constructed, this system effectively drained a 
number of swamps and depressions subject to seasonal flooding,^ 
and provided an efficient disposal of rain water. This draining of ' 

‘ j heels * (lakes) was objected to at the time by a number of the 
local inhabitants, but when the reclaimed land was brought under 
cultivation their objections were silenced. By means of this com- 
prehensive drainage system, not only has the area affected been 
considerably improved, but the project baa been free from the 
curses of waterlogging which have b^n the ruination of so many 
irrigation projects. 

I ^ 

(A) The Lloyd Barrage Projeei in Sind. 


This magnificent scheme, which came into operation in 1932, 
may be said to have originated in a proposal made by Lieut. J. G. 
Fife, R.E. in 1856, but the Indian Irrigation Commission in 1901-4)3 
were apparently not convinced of the necessity for such a large 
perennial scheme in Sind, and made no provision for the work in 
their forecast of future expenditure on irrigation schemes, 

With the expansion of irrigation in the Punjab however, grew 
apprehension in Sind that the supplies of the Indus were being 
depleted, and that unless a scheme was very soon introduced in 
Sind, it would be too late to obtain the benefit of the limited cold 
wither supplies. Largely due to the enthusiasm for the scheme 
of Sir C^tge (now LoM) Lloyd, then Governor of Bombay, after 
whom the scheme is named, the project was sanctioned in 1923, 
and prehmin^ work was under^en immediately. A journey 
throu^ Sind in the hot weather is never to be forgotten, but that is 
not sufficient to realize the sufferings of those who laboured through 
m seasons of year to bring this work to completion in 9 yera. 
^y making full use of the experience on other similar works, the 
aeaigners of the project, and those who carried it into execution, 
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introduced a number of innovations, which made it the most 
scientific undertaking that India had known. The Barrage itself 
wliich is constructed across the Indus just downstream of the gorge 
at Sukkur, has a length of 4,725 feet between the faces of the canal 
regulators, with G6 spans 60 feet in length, each fitted with a gate 
weighing 50 tons. That portion of the structure which presented 
the greatest difficulties is below water, and the vast cofferdams 
which were built for the construction of the foundations, have 
long since been removed. Although the work of the ^njab 
investigators who have now evolved a solution to the design of this 
type of work, had not been commenced, the design of the Lloyd 
Barrage at Sukkur with its four lines of sheet piling, is found to be 
a sound and economical design. For the construction of the 
Barrage and the connecting head regulators of the seven off -taking 
canals, plant and machinery of the latest design were employed. 
Two (Iredgers, two paddle tugs and several mechanical excavators 
were obtained from England. An electric power generating 
station was established at Sukkur which supplied power to the 
workshops, quarries, construction machinery, and to the new 
Barrage Township which housed the staff employed on the work. 

The headworks of the scheme cost about one-fifth of the total 
cost of approximately Rs.20 crores, the remaining Ils.l6 crores 
being the cost of the canals, and minor irrigating channels, with 
their 1,889 bridges and regulators, and other subsidiary works. 
The main feature of the canal work was the large fleet of mechanical 
dragline excavators employed. Forty-six machines of this type 
with buckets varying in size from lOcu. yds. to 7/8 ctJ. yds. capacity, 
supplemented by hand labour, which fluctuated between 30,000 
and 50,000, were responsible for digging 279 million cubic yards of 
earth, of which about one-sixth was on the small water courses. The 
mechanical excavators were introduced owing to the shortage of 
labour in Sind, and the difficulty of obtaining sufficient outside 
labour at reasonable rates. Draglines had never before been 
employed on such a large scale in India, and although Engineer 
Erectors came from America and England to erect the machines 
and train crews, it was soon found that a separate organization 
was required to deal with the machines in order to keep them 
running satisfactorily. Numerous difficulties arose in connection 
with the machines or the staff, and it was only when a fully equipped 
workshop was established in Sukkur, where a large stock of sparges 
was maintained, and major repairs could be executed, that this 
fleet of machines was able to keep up to the strain of working day 
and night through all seasons. Special mention must be made ot 
the great part played bv electric welding in all repair work con- 
nected with these machines. A portable welding plant was trans- 
ported all over Sind for field repairs of every conceivable form, 
from the welding up of small teeth of broken pinions to the heaviest 
machinerv repairs. Owing to the climatic conditions, intense 
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heat end cold> sand storms, and the exacting conditions under 
which these machines worked, the manufacturers soon found that a 
number of improvements in design were necessary. Considerable 
difficulty was experienced with the steam machines owing to 
brackish water, and in some areas river water had to be pumped a 
distance of 6 or 7 miles, but more than half the machines had 
Diesel engines, and that difficulty did not arise. Several world 
records for output were put up by these machines, and in spite of 
beat, dust and adverse conditions, they more than justified their 
employment, and besides working at extraordinarily low rates, 
they were undoubtedly instrumental in keeping down labour rates. 

One very important measure which was adopted on this scheme 
was the centralization of the design of all regulators, bridges, 
buildings, siphons, etc., to be constructed outside the headworks 
area. This proved most satisfacto^, and besides effecting a con- 
siderable saving in cost and time, it enabled the engineers in the 
field to devote their time to actual construction of those works 
and the canals. The centralization of designs also facilitated in- 
vestigations into the latest practice on other large schemes in 
India. A largenumber of experiments were carried out at research 
stations at Poona and Karachi in connection with the designs, 
which resulted in exceptionally efficient results. Flumed regulators 
were generally adopted, and resulted in considerable savings in 
cost. Gates for regulators were standardized with the result that 
more favourable rates were obtained from manufacturers than 
could have been with a large number of gates of various dimensions. 
A special party was organized for the construction of reinforced 
concrete decking for standard steel road bridges. Standard steel 
centerings were prepared and they were conveyed from one bridge 
to the other on motor lorries, and by using rapid hardening cement, 
the decks of 48 bridges, with a total of 4^ spans were constructed 
in a period of 18 months. 

Most of the area commanded by this project was roctangulated 
and sub-re ctangulated down to 4 acre blocks, and finally to I 
acre plots, the principal advantage being that it provides a definite 
and reasonable unit of irrigation and assessment of regular shape 
and size, instead of the existing * survey number ' of indefinite 
shape and size. This also greatly assisted the alignment and 
excavation of the new watercourses. 

Taking advantage of the experience in the Punjab, the Sind 
engineers undertook extensive investigations Into the possibility of 
water- logging in Sind after the introduction of the new perennial 
system of irrigation. A special organization was set up for taking 
borings on the rectangulation grid, in order to ascertain the nature 
of the sub-soil, the depth of ^e sub-soil water below ground level 
and the salinity of the sub-soil water. In order that it might be 
]M88lble to watch the movement of the sub-soil water table after 
the commencement of perennial irrigation, permanent observation 
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pipes were left in some of the bores. The water levels in these 
pipes and in a number of open wells are being recorded periodically, 
and they will indicate when there is any likelihood of the sub-soil 
water level rising within the danger zone. The results from these 
investigations show that it is essential before any irrigation project 
is tindertaken in the future, that a soil and sub-surface survey of 
the whole area involved should be made before the project is pre- 
pared. 

The esperience gained and lessona learnt on this gigantic 
scheme, which is ultimately expected to cultivate million acres 
annually > will be of immense value to the engineers who will have 
the undertaking of similar projects in the future. 


(0 Olhtr Schemts, 

Many other schemes of varying magnitude have been under- 
taken in various parts of India and Burma, and although they 
may not be prominent in comparison with the larger schemes 
mentioned, they are all of immense value and importance to the 
particular areas they affect. For example, the Damodar Canal 
Project in Bengal which was completed in 1933 has brought under 
command an area of 366 square miles. A factor which was largely 
induential in bringing this scheme into being is the fertilizing value 
of the silt carried by the Damodar River, and although irrigation 
was previously practised to some extent it was by means of a few 
temporary dams built across the river every year, the water 
being led to neighbouring fields in shallow channels devoid of 
regulators. 

A scheme which is not only of economic value but also of 
political importance is the Upper Swat Canal in the North-West 
Frontier Province, which will irrigate on full development an area 
of 316,000 acres in the Peshawar District. This canal, which takes 
off from a weir across the Swat River at Amandara in tribal terri- 
tory, flows in a south westerly direction for a distance of 4 miles 
between earthen embankments. It then enters the Benton tunnel 
which takes it southward through the Mai ak and Range into British 
territory. This tunnel is the most remarkable feature of the project. 
It is just over two miles long, 18 feet wide and 13| feet maximum 
height. It is the third longest tunnel in India and its excavation 
through hard muscovite granite took 31 years to complete. The 
canal then traverses the Dargai Nallab, — a natural stream between 
precipitous hills — for nearly a mile in a series of falls and rapids. 
Thereafter, owing to the steepness of the slope it runs in a boulder- 
lined channel almost 4 miles long to a point nearly opposite Dargai 
Fort where it falls 10 feet, and then bifurcates into its two main 
branches. Other interesting features which made the work difficult 
and expensive are the many siphons, culverts and aqueducts ten- 
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dered neeessarv by the broken country traversed by the canals. 

For the purpose of tunnelling the Malakaod range a hydro-electno 
generating station was constructed from which power was supplied 
to the compressed air plant for drilling. This station has rec^tly 
been developed under the Malakand Hydro electric project from 
which power will be supplied for commercial, domestic and agn- 
cultural purposes in the Peshawar area. u i * 

Scientific advance in the design of irrigation works m the last 
quarter of a century has also been of advantage to Burma. One 
of the principal works undertaken recently was the re-modelling of 
the Shwebo Canal, which for a few years after its completion m 
1911 gave considerable relief and benefit to the area commanded, 
and a good return on the capital invested. It then commenced 
deteriorating however, and in 1925-26 the work of remodelling the 
whole system was commenced. Due to insufficient knowledge of 
the design of canals in alluvium, the original designs were found 
to provide too steep a slope, with the result that scouring action 
rendered the channels unstable, and they rapidly became of little 
practical use. In addition to the channels themselves, the small 
outlets discharging water to the cultivators* channels and field^^ 
showed the necessity for considerable improvement. Although itj^ 
cannot be said that these problems have been solved to perfection, *4 
investigations in recent years have resulted in designs which may 
be considered as perfect for most practical purposes. These designs 
are now being usM extensively in new projects, and in remodelling 
old ones. 

An innovation in the method of supplying water for irrigation 
was introduced in the Madras Preadency early in the period under 
review. This is the Divi Island pumping scheme, which marks 
the first attempt made in India to irrigate on a large scale by 
pumping instead of by the orthodox means of river weirs or storage 
reservoirs. The system can, it is true, and does at times, obtain 
a gravity supply direct from the river ; but this is possible only 
during the flo^ season, when the river level is sufficiently high 
for the purpose. At such times pumping is not resorted to ; but , 
at others, and in the main, the system is dependent on pumps 
installed at the head m apex of the triangular island, which is the 
true delta of the river Kistna. 

The main equipment, which stands above a stone-lined channel 
cut to connect the two arms of the river at this point, consists of 
eight 39-inch oentrifogal pumps, each driven dimt by a double- 
cylinder 160 B.H.P. Die^ engine running at 180 revolutions a 
minute, to which it is connected by a flexible coupling. The pumps 
deliver on an average 77 cubic feet of water a second through a 
lift of 12 feet. There is, in addition, an auxiliary plant, duplicated 
throughout for priming the main pumps, circulating cooling water 
to the engmes, dnwing oil fuel firom the storage and running 

the dynamos that light the pumping station. 
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WaUr from the main pumps is discharged into two masonry- 
lined channels, one on each side of the engine house, which in turn 
deliver it to the main canal through two large Venturi meters. 
These have a diameter of 120 inches with a tl^oat ratio of 1 : 3, 
and were at the time of their construction the largest of their kind 
in existence. The main canal, which is nearly two miles long, is 
provided with head sluices to enable it to obtain a supply direct 
from the river when conditions are favourable. At its lower end, 
it bifurcates into two branches, which feed the smaller channeb 
forming the distribution system. All these waterways now aggre* 
gate 171 miles in length and command a gross area of 50,000 acres, 
or roughly half the island. The area actually irrigated has been 
increasing steadily for some years and is now just over 30,000 
acres, yielding a net revenue of slightly more than Ks.l} lakhs 
annually. 

Though not completed till 1013, the system began to function 
in 1007. It has given entire satisfaction in every way and has 
practically trebled the area under cultivation. The machinery 
has more than fulfilled expectations in regard to capacity and per* 
form an ce and there have been only one or two serious breakdowns 
since it was installed 30 years ago. 

(j) Unit^ ProvinM Hydro-EUctric 8chtrw. 

The foregoing notes describe briefly the principal schemes 
undertaken in various parts of the country to utilize surface water 
in the cultivation of crops in areas where rainfall is scarce or capri- 
cious. A scheme on a large scale to make available for irrigation 
the water existing in the sub-soil has recently been undertaken 
in the United Provinces. To render this feasible on an economic 
basis, an electric power generating scheme was introduced as part 
of the project. A number of canals in this country are provided 
with falls in order to eliminate the difference between the natural 
slope of the country through which they pass and the slope at 
which canals in alluvium or similar eroding material can be 
constructed. The waste of power in the water falling at 
these sites has long received the attention of engineers, and 
although in a number of cases the power has been put to useful 
purpose in flour-grinding mills, etc. it has not been found economi- 
cally possible to use it for generation of electricity for general pur- 
poses. Although the majority of the canals are perennial, there 
are periods during the year when they have to be closed down for 
repairs, or for rotations when water is scarce. A supply of electricity 
is not of much value if it is not continuous and dependable, and 
much thought has been given to the question of utilizing water for 
both irrigation and hydro-electric generation. Some of the faUs 
on the Ganges Canal system have now been put to this double use by 
supplementing the hydraulic power with steam power, so that when 
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the canals are closed down the supply of 

The power generated at these stations is distributed over a large 
area^n the® United Provinces where it is uwd for commercial, 
domestic and agricultural purposes. In addition to 
power stations, transmission lines, transformer, etc., the United 
??^inces Government have estabLshed 1,350 Stete tube wells 
at which water is being pumped from the sub-soii or from rivers 
by electricaUy driven pumps. Besides providing J 
where gravity supplies through canals are not available, the farmers 
have power at their disposal for the many agricultural operations 
they have to perform. Another similar scheme is shortly to be 
undertaken in the eastern portions of the United Provinces and 
there are signs of this form of development extending beyond the 
United Provinces boundaries. 


(k) The Future. 

With tho rapid increase in the population of this country and 
the call for better conditions of the populace, the vast majority of 
whom are agriculturists, there is a growing demand for the further 
development of land suitable for cultivation, smd, with it, the 
demand for water goes band in hand. The Punjab has the largest 
area under irrigation, and apart from the general and indirect benefits 
received from her irrigation projects, the Income of the Government 
has increased considerably as a result of them. But there is still 
room for further development, and two large schemes are under 
contemplation, one of which, the Havel i Project, is being com- 
menced this year. Full use is being made of the experience gained 
on similar works, not only in the P^jab, but also in other parts of 
India and in other countries. The area which is to be served by 
this scheme is undergoing a comprehensive survey, not only of the 
surface soil, to ascertain its suitability for irrigation, but also of 
the sub-soil and sub-soil water. The drainage properties of the 
surface and sub-surface soils are of considerable importance and a 
chemical analysis of the underlying strata and of the sub soil water, 
and knowledge of the depth from the surface of the sub-soil water, 
indicate whether any areas are liable to be waterlo gg ed or other- 
wise put out of cultivation by salt concentration on the surface. 
A detailed survey of the canal alignments is being made to ascertain 
the physical and chemical properties of the soils in which the canals 
will be excavated, and if the strata which are to be pierced are 
found to be of such a nature as to allow excessive seepage from the 
canals, steps will be taken to change the alignment, or the canal 
bed and sides will be treated to render them less pervious. Investi- 
gations a^ in hand with a view to lining a length of the main 
canal if it is found to be economically possible. Investigations 
are also in hand by the extensive use of models to evolve the mi^t 
economical and efficient designs for the falls, regulators, bridges 
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and other appurtenant works. The canals are to take off from a 
weir which will be constructed at Trimmu, just below the con- 
fluence of the Jhelum and Chenab rivers. The design of this weir 
which is to rest on pervious foundations is undergoing detailed 
examination, aided by experiments on models, and the code of 
practice recently evolved by Punjab investigators. 


{/) The Central Board of Irrigation, 

In order to study and co-ordinate the research work of 
irrigation problems of an all -India nature, the Central Board of 
Irrigation, which consists of all the Provincial Chief Engineers of 
Irrigation, was constituted in 1925. This step was favoured by 
the Boyal Commission on Agriculture in India, but they were 
of the opinion that the Board by itself was not sufficient to meet 
fully the requirements of the Irrigation Departments. They 
therefore recommended the establishment of a Central Bureau of 
Information for Irrigation which would * establish and maintain a 
comprehensive library of irrigation publications, both Indian and 
foreign, which could be consulted by irrigation engineers and to 
act as a clearing house of information needed by Provincial officers. 
It should, however, be something more than a mere repository of 
information and a centre for answering enquiries. It should 
endeavour to reach a wider public than the Irrigation Departments 
and to keep agricultural Officers, and the public generally in touch 
with irrigation developments in India and abroad 

This information Bureau has sinoe been set up in the charge 
of the Secretary of the Central Board of Irrigation, who is an 
experienced irrigation engineer, and considerable use is being made 
of the Bureau by irrigation and agricultural Officers of the Provinces, 
and some of the Indian States. The Library, which now contoins 
some 4,000 publications, is organized on up-to-date scientific lines, 
and literature is classified and indexed under the Institut Interna- 
tional de Bibliographie decimal classification system. 

The Central Board of Irrigation meets annually and d^- 
cusses irrigation questions of administrative and technical impori- 
ance, and the Board's Besearch Committee consisting of the 
Executive Committee of the Board and the Provincial Irrigation 
Research Officers, meets annually to discuss the research in progress 
at various centres. The Board issues technical publications on 
various problems, and also an annual report on the technical work 
of the Board, and a quarterly bulletin. 

(ii) Railways. 

The Railways of India in common with those of other countries 
experienced during the past twenty-five years great 
vicissitudes ; but from the engineering point of view, which is tnat 
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now under consideration, there can be no doubt that this period 
has been one of remarkable progress. The following description, 
for which the compiler of the chapter is indebted to Sir Guthno 
Russell, Chief Commissioner of Railways and to Messrs. Mackinnon 
and Ingoldby of the Railway Board, deals with the progress m^e 
by Indian Railways under two beads, namely, Civil Engincenrig 
and Locomotives. Though the descriptions are brief, they will 
it is believed serve to convey an impression of the activity which 
has during this period characterized railway policy in India through 
good times and through bad. 


Expaaslou of 
RaUwaya 


(a) CiVil EjigineeriTig. 

The table below shows the increase in 
the route mileage of Indian Railways during 
the period under review 


Total route mileage of all Indian Railways (including Burma). 


At the end of 


1912 

1935-36 


Route Mileage. 

Single Double, Treble, Total, 
etc. 

30.994 2,490 33,484 

39,426 3,693 43,119 


Difference 


+8,432 +1,203 +9,635 


Amoi^ some of the more important or interesting new lines 
which go to make up this addition of nearly ten thousand miles 
may be quoted, the follosnng 

Itarsi— Nagpur. 

Ballarshah — W arrangal . 

Raipur — Parvati pur . 

ViUu puram — Trichinopoli . 

NuihJd — Zahidan. 

The Khyber Railway. 

The Central India Coalfields Railways. 

Perhaps the most important development in this oonneotion is 

Tracks that, at the begiiming of the period 

under review, all rails and fittings were imported 
from abroad whereas for some years past the entire normal require* 
ments of rails and fittings for the State Railways are manufactured 
in India. 

The might of rails in the track had had to keep pace with 
increases in the weight of engines and rolling stock and the heavier 
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demands made od the track on electrified sections and on those 
with heavy mineral traffic. 

Thus, whilst before 1912, rails of 75 lbs. and 60 lbs. per yard 
were generally in use on main and branch lines respectively on the 
5 '-6* gauge, the standard for main lines at the present day varies 
from 90 lbs. to 115 lbs. per yard. SimOarly, on metre and narrow 
gauge systems the weight of rails has generally been proportionately 
increased. 

Metal sleepers of various types in addition to wood have been 
in use on Indian Railways for many years in the past. Due to the 
rise in the price of wood in the immediate post-war period and the 
exhaustion of better qualities of timber In certain forest areas, con- 
siderable attention has been given in recent years to the use of 
improved types of raetal sleepers. 

Both steel and cast iron sleepers have been successfully 
developed in India and extensively adopted. Metal sleepers, 
though rather more expensive than wooden ones, are justified by 
their longer life and have advantages in respect to providing a 
better anchorage of the rails against creep movements due to high 
temperature variations, Recently, new types of metal sleepers 
have been developed with the object of increasing the lateral 
stability of track for high speed traffic and, in particular, an original 
type of Duplex joint sleeper developed entirely in India has been 
designed and adopted, the object of which is to overcome the 
weakness of the joints in the raUs. 

The following are amongst the more not- 
*'"‘brVd 4 es"*”' Railway Bridges that have been con- 

structed during the last 25 years 


Hardinge Bridge . . 5894' in length. 

Ava Bridge (Burma) . . • . 3957' ,, 

Basse in Bridge .. .. •• 4361' „ 

Boop Narain Bridge . . • • 2632 „ 

Tapti Bridge - . . - • • lb63' 

Silver Jubilee Bridge (Nerbudda) . . 4600' 

Willingdon Bridge . . »* 

Jumna Bridge (G.I.P.) . • • • 8156 „ 

Jumna Bridge (N.W.) . . . • 1490^ 

Indus Bridge (Near Kalabagh) . • 3057' 


In addition, many large Railway Bridges in India have been 
re-girdered or strengthened. Notable examples are the 
Sone Bridge in Bihar, over two miles in length ; the famous Attock 
Bridge near the North-West Frontier and many others in all parts 

of India. * /n i ** 

The Willingdon Bridge over the Hoogly river at talcum 
consisting of seven 350 ft. spans carrying dou^ 
lines of railway with roadways contains 17,^ 
tons of steelwork and was the first large bridge 


Manufacture in 
India 
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entirely maoufactured in India. It was notable for the introduction 
of interchangeable processes of manufacture, in the adoption of 
which India has given a lead to other countries. The manufacture 
of bridge work in India to-day is a highly developed art and a 
scientific process. Nowadays, nearly all the requirements of steel 
bridges in India are manufactured in the country and considerable 
progress has been made on these during the past 25 years. 

The old system of paper ‘line clears* or permissions to 
proceed hais lai^ely been substituted on import- 
signalling and ant lines carrying fast traffic by the use of 
interlocking, ^d gj^ctric token instruments which in addition to 
Control *** ^ minimising delays afford a greater degree of 

safety when combined with fully interlocked 


stations. 

The introduction of track circuiting in many large and busy 
station yards has simplified and expedited the movement of trains 
in the yards as well as adding to the safety of the travelling public. 

The recent introduction of colour light signalling and the 
mecbanical operation of signals and points on certain sections 
oaiirying fast and intensive traffic is in accordance with modern 
practice in other countries for speeding up movements. 

Telephonic Traffic Control whereby a controlling officer in a 
central office keeps in touch with the movements of all trains over a 
large area of the line and thereby expedites their working and 
saves delays at wayside stations has been brought into use in 
recent years on a number of Indian Railways. 

Among the more important works carried out under this 
Important New head during the period is the large new terminal 
Statloos and Re- station at Bombay Central and the remodelling 
modellings of Oawnpore, Victoria Terminus (Bombay), 

Erode Junction, and Lucknow stations. 

Since 1914 there has been a steady growth in the use of gravity 
Traffic Yards shunting by means of * Humps * for sorting and 
maishalliiig of goods trains in the more import- 
ant yards on the principal railways, resulting in a definite saving in 
delay to goods in transit and in shunting engine hours. 

There has been a progressive development on Indian Railways 
Uses of rein ^ reinforced concrete particularly for 

forced concrete sQIaII span slab bridges and arched bridges. 

The road overbridge constructed at Howrah by 
the East Indian Railway is a notable example of modem design 
conristing of a bowstring arch of 216 ft. span carrying a 30 ft. 
roadway designed for the heaviest or Ministry of Transport standard 
of loading. At New Delhi, there are many graceful reinforced 
MDCWte arches for Railway purposes. Recently, the Central 
Standards Office has produced a Code of Practice to regulate the 
design wd cooalmotion of reinforced concrete work. In this 
connection, consideration has been given to proposals for the 
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special training of staff on Railways to ensure the satisfactory 
execution of reinforced concrete work in the field. 

During the last 12 years, a considerable amount of scientific 
Investigations investi^tion has been carried out under the 
^ aegis of the Railway Board with the aid of 

Technical Committees of Railway Officers. In 1928, it was decided 
to form a Standardization Office which has subsequently been 
placed on a permanent basis, the object of which is to co-ordinate 
the work of technical investigation and to put into practical shape 
the ideas and recommendations in the form of engineering standards 
for general adoption by Indian Raiiwa}*s. In the creation of these 
standards, efficiency is the first consideration but, in addition, the 
requirements of manufacture in India are kept prominently in 
mind. For example, in standard designs for steel bridge girders 
and structural work, only those sections of raw material are utilized 
which are produced by steel makers in India. 

The Central Standards Office research investigations include 
experimental determination of the stresses in rails in order that 
requisite size and strength of rails may be properly correlated to 
the weight of axle-loads of engines and particularly with regard to 
tlie effect of speed in incrementing the effects of such loads. Exaot 
information in this respect is being obtained by the use of electro- 
magnetic recording apparatus specially designed for the purpose 
and it is anticipated that appreciable advantages and economies 
to Railways will result from these investigations. 

Some 12 years ago, research was carried out by a Railway 
Board Committee into the dynamic effect of trains on bridges. 
As a result, an impact formula was produced which has since been 
adopted by the British Standards Institution as one of three 
alternative formula recommended. 

The establishment on a firm basis of the Indian impact formula 
for bridges enabled suitable standards of loading for Indian Railways 
to be settled for the requirements of main and branch lines and for 
special developments of heavy mineral traffic. 

More recently the system of pre-stressing girders has been 
introduced in India which has the effect of reducing the maximum 
stresses to which bridge members are subjected under load with 
resultant economy in design. 

The work of the Railway Standards Committee for Bridges 
has also Included proposals for suitable standards for road bridges 

in India. ^ u • i 

In recent years, the system of electric arc -welding of bridge 
and structural steelwork has been developed and some important 
schemes of bridge strengthening have been carried out by this 

process. _ 

The activities of the Central Standards Office in connection 
with track equipment have included the standardization of points 
and crossings, diamonds and slips, etc. 
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In addition, standard designs for the majority of requirements 
of signalling and interlocking equipment have been produced. 
AH standards are subject to modification and improvement as 
experience in their use is obtained and until such time as they may 
be considered to be perfected. 


(6) Locomotives, etc. 

With the State Railway organization in this country, consisting 
as it does of a number of separate administrations under one central 
controlling authority, the advantages to be gained by introducing 
a measure of standardization have always been apparent. Locomo- 
tives were one of the first major items of railway equipment to 
which standardization was applied and as far back as 1904, with 
the assistance of the then British Bngineering Standards Association 
a number of standard types of broad and metre gauge locomotives 
for use in India were evolved. 

The designs of the majority of locomotives in use in this 
country to-day either conform with or are based upon these early 
B.E.S.A. designs, but in 1924 the Railway Board appointed 
a Standing Committee to review tbe question of locomotive 
standardization in the light of the changed conditions then pre- 
vailing and probable future traffic requirements. As an outcome 
of the recommendations of this committee a number of now standard 
locomotive designs for broad, metre and 2' 6* gauges have been 
evolved and slightly under 1,000 locomotives conforming with these 
new standard (LR.S.) designs are now either under construction or 
in service on twelve diflerent railways in India. 

During tbe past twenty-five years the maximum axle- loads of 
broad gauge locomotives have increased from 17^ to 22^ tons. 
The 4-6-0 and 2-8-0 type locomotives which were the latest in 
service twenty-five years ago have now been succeeded by locomo- 
tives with the 4-0-2 and 2-8-2 wheel arrangements which enable 
wider fire boxes, suitable for burning the lower grades of coal avaU- 
able in India, to be adopted. 

Similarly on the metre gauge lines, locomotives with maximum 
axle-loa^ of 8 tons have been largely replaced by locomotives with 
10 and in a few cases 12 tons maximum axle-loads. 

Although 4-cylindered locomotives with cranks set at 90® 
and 136® have been built during recent years for experimental 
purposes the two-cylinder arrangement has been generally 
maintained. Due, however, to their increased size and the greater 
degr^ of aooessibmty they offer, outside cylinders have been 
standardized and in agreement with locomotive development in 
inost other parts of the world, locomotives with inside link motions 
ot the Stephenson type are now being gradually eliminated. 

In 1910 the first locomotives employing superheated steam 
were received in this country. Since that time aU new locomotives 
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purchased have been so equipped and, in addition, some 1,500 
existing locomotives have been converted to superheated steam 
at the time of reboUering. The economy in fuel consumption 
resulting from superheating in this country may be conservatively 
placed at 12%, and the economy in water in the region of 15%. 

Simultaneously with superheating, piston valves replaced slide 
valves and during recent years poppet valves and valve gears of 
the Caprotti and Lentz types have been fitted to some 85 new 
locomotives and approximately 150 existing locomotives at the 
time of re-cylindering. Appreciable economy in maintenance and 
operating costs has resulted from the substitution of poppet 
valves for piston valves with short travel Walschaert valve gear. 
The difference is, however, less marked in the case of long travel 
piston valves except at the higher speed ranges. 

Among other developments in locomotive design in this country, 
mention may be made of the standardization of rocking grates, arch 
tubes with security brick arches, soot blowers, top feeds and 
cylindrical self* cleaning smoke boxes with small doors and saddle 
supports, all features increasing the efficiency of boilers which have 
been applied both to new standard locomotives and renewal boilers 
for locomotives of pre«I.R.S. types. Similar remarks apply to 
long travel piston valves, box type pistons, narrow piston rings, 
etc., and every effort is made to increase the efficient use of steam 
in the more modem B.E.S.A. type locomotives when re-cylindering 
has to be undertaken. 

Hollerith machine sorting and tabulating methods have been 
applied to the analysis of locomotive defects with the result that 
possibilities of improvements in detailed design have been brought 
clearly to notice. Consequently locomotive manufacturers, during 
the past few years, have been instructed to incorporate numbers of 
new features designed to reduce the cost of malnteDance. The 
largest single source of expense is the maintenance of bearings. 

Locomotives purchased during the past few years have been 
largely grease lubricate<l and a considerable number of existing 
locomotives have been adapted to use this form of lubrication. 
Although not considered an ideal lubricating medium, the use of 
grease has effected a materia] reduction in the incidence of hot 
bearings and enabled increased locomotive utilization to be obtained. 

SImultaneouslv a number of investigations are being made 
with improved oil* lubricated bearings; for example experimental 
locomotives have been equipped with bearings extended in length 
by 50% and with spring gear modified to suit. So far these 
oxperimerUs have l)een very promising and one engine has run 
nearly 100,000 miles without trouble. Roller bearings ? 

limited extent, been applied to the carrying wheel journals of both 
existing and new locomotives with marked success. On the latest 
experimental I.R.S. locomotives constructed, roller bearings liave 
been applied to both carrying and coupled wheel journals and also 
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to tbe main side and connecting rod bearings on one locomotive, 
but it is too early yet to comment on those extended roller bearing 
applications. The same locomotives have a number of other fea- 
tures irhich have not hitherto been tried out in this country, sucli 
as steel drebozes with alUwelded seams and thermic syphons, ‘ Le 
Mestre * drawgear between engine and tender, cantilever cab 
platforms, etc. 

Special alloy steels and irons are being experimented with 
for locomotive details subject to abnormal wear or corrosion and 
* ferro-bestos ' materia) has been introduced with considerable 
success at points where, due to abnormal bearing pressures, 
restricted rotational movement, or inaccessibility, no satisfactory 
form of lubrication is possible. In one instance a trial is being 
made with ' Silent Bloc * rubber bushes in which the elastic defor- 
mation of the * bloc * permits of movement that would otherwise 
be taken up between two frictional surfaces. 

During the period under review all main line locomotives in 
India have been fitted with electric head and cab lights and the 
safety of rail travel at night enhanced thereby. 

In 1930 a very completely equipped broad-gauge dynamometer 

Dynamomece purchased for the pooled use of broad 

*/ynamwn«er railways. This car has been intensely 

emplo^'ed since its receipt and the various 
reports of trials and teats carried out cover a wide range of subjects 
and have furnished much valuable data relating to locomotive 
design. All the standard types of locomotive have been subjected 
to rating trials from which characteristic curves of their performance 
have been derived. A series of tests baa been conducted to deter- 
mine tbe resistance to traction of various types of stock, the rcla- 
tive advantages of plain and roller bearings, the effect of widening 
the gauge of track on curves and the relative merits of various 
types of feed water beaters and valve gear arrangements. An 
important series of current trials relates to the pressure drop 
wtw«n the boOer and cylinders and to improvements in steam 
aistn button within the cylinders. 

Afl in the case of locomotives, carriages and wagons have been 
Carriages and ®“^if«ted to a large measure of standardization 

Wagons “ design. In 1918 at the instance of the 
. KaOway Board the Indian Raffway Conference 

^ociation prepared a large range of standard designs covering 
broad metre and 2'-6* gauge coaching underframee «d wa^l 
These de^8 were ^nerally adopted by Railways until superseded 
(I R-8.) designs based on the recommendations of 
committee appointed by the RaUway Board in 
1924 to take care of the standardisation of this particular branch 

devoted mSS 

attention to the standardisation of coaching bodies and coaching 
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body fittings and has been instrumental in introducing a consider* 
able degree of uniformity in modem coaching stock on different 
railways and generally raising the standard of comfort provided in 
such stock particularly in respect to the lower classes. 

Apart from general improvements in the standard of comfort 
provided the principal changes effected in coaching stock during 
the past 23 years have probably been the replacement of practically 
all 4 . wheeled passenger carrying stock by bogie stock and the 
complete elimination of gas lighting in favour of electric light. 
During the latter part of this period a limited amount of what 
might be termed luxury stock for special services has been provided 
of wliich the coaching rakes employed on the * Deccan Queen ’ 
running between Bombay and Poona and the * Imperial Indian 
Mail * between Bombay and Calcutta in connection with the weekly 
mail steamers, are examples. 

Experimental air-conditioned Iwt class carriages are now under 
construction and it is anticipated that the greatly increased comfort 
which these carriages will provide will servo to make first class 
rail travel more popular and so justify an extended use of this class 
of stock. 

In 1027 the Peninsula Locomotive Works at Tatanagar were 
purchased and remodelled for the purpose of manufacturing f.R*S. 
coaching underframes for all railways on a mass production basis; 
a development made possible only by standardisation and which 
will again prove financially advantageous when the coach building 
programmes of railways more closely approach their normal pro* 
portions. 

Broad gauge wagon axle-loads have generally increased from 
14 to 1C tons during the period under review, a further general 
increase being prevented by the need for unrestricted movement of 
wagons over all sections of each railway and over all railways 
in the case of pooled wagons. A limited number of high capacity 
non ‘pooled wagons with 19 and 22} ton axle-loads have, however, 
been constructed for use on certain sections. 

Similarly on the metre gauge, wagon axJe-Ioads have risen 
from 8 to 12 tons but only on a few sections, at present, can Ia 
ton axle.loads be employed and the carrying capacity of many ol 
such wagons has, in the meantime, had to be marked down so as 
to give a maximum axle-load of 10 tons, . 

During recent years high tensile steel has been extensively 
employed in the construction of wagon underframes and the use 
of welding in place of or as a supplement to rivetted construction 
is now being actively investigated and a few experimental wagons 
of all and partiallv welded construction will shortly be bui t. 

To combat mowing road competition and to handle better 
the limited passenger traffic offering on certain 
Rail Motors sections the need for providing fast passenger 
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carrying units of smaller capacity, more flexible in operation and 
less costly to operate than light trains composed of small steam 
locomotives and ordinary coaching stock, has been increasingly 
felt during recent years. To meet this need a few diesel “electric 
rail«cars have recently been acquired and it is probable that addi- 
tional internal combustion engine propelled units of this kind 
will be placed in service on railways in the near future. 

One of the most important measures taken to increase 

- . efBciency was the introduction of a completely 

pera ou revised system of statistics from 1 924*25. The 
information brought to light has made possible not only a greatly 
improved day-to-day control, but has made it possible to handle 
many large questions of policy with much greater certitude than 
previously. 

Apart from the improved flnancial control of maintenance and 
similar activities through statistics, great advances have taken 
place in recent years in the utilization of assets ; for example, for 
many years a mileage of 6,000 per month for main line engines 
was considered a satisfactory performance. Engines are now Iwing 
designed for mileages of 12,000 per month, and two experimental 
locomotives are expected to reach a mileage in the region of 15,000 
per month. The use of coaching stock has been improved 
materially by close attention to the diagramming and an insistance 
upon what is known as * rake working Wagon usage has been 
increased very materially in recent years by increased train 
speeds, improved mareballing and shunting organhtation, improved 
sigMliing and traffic ‘ control * by long distance telephone, and 
a closer attention to detailed design and possibilities of reduction 
m idle time awaiting repairs. 

A notable development during recent years has been the 
Electric Traction ®l®°^^cation of the Bombay and Madras 
rn T o T> -1 suburban railway services and the electrification 
01 u.l.r . Icadway main line sections between Bombay and Igatpuri 
and Bombay and Poona. Power for the Bombay suburban services 
IS from Tata*s hydro-electric development schemes and to 

meet the power requfrements of the main line sections a steam 
power hw^ was constructed by the G.I.P. Radway at Kalyan. 
xne elected mam line sections pass over the Western Ghats and 
regenerative braking is employed on the downward grades. 

(c) Development and Besearch, 

J progress in Mechanical Railway 

P*«e bas been 

accelerated considerably during the last few years. 

tion Committees that work in coniunc- 

tion with the Standards Office (RaDway Board) are co^Sl“^ 
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bringiag to attentioa possibilities for improTements and the results 
of large numbers of inyestigatioos into the properties of new 
materials and merits of new processes. Closely allied with this 
organization is the production of specifications through which 
centralized purchasing through the Indian Stores Department is 
made possible. Since 1930, 138 I.R.S. specifications have been 
published and 309 l.S.D. specifications adopted for use on railways. 
The RaOway Board and The Indian Stores Department work in 
close collaboration in the production of specifications. 

Great advances have taken place in recent years in the 
technique of painting. For a number of years test panels have 
been exposed by the Goyermnent Test House, Calcutta, but since 
1036 the test panels have been exhibited simultaneously in different 
centres {Calcutta, Delhi, Lahore and Bombay) as experience has 
shown that the widely varying climatic conditions in India lead to 
material differences in paint life. 

A current investigation is being made with the object of 
improving the water- tightness of wagons, doors and ventilating 
louvres and it is possible that special sections and baifies will be 
developed that will improve considerably upon those in use to-day. 

The Railway Board, Indian Stores Department (Government 
Test House), Lahore University (Chemical Laboratory) and the 
At took Oil Co., are collaborating in a research into the properties of 
lubricating oils. The research relates mainly to the properties of 
oils and metals under conditions of boundary lubrication. The 
object in view is an ultimate reduction in the number of heated 
bearings which are at present a source of heavy loss in railway 
operating in this country. 


(iii) ElectricaI/ Projeots, 

Although it is realized that a recital of the progress made on 
hydro-electric schemes does not convey a comprehensive idea of 
all that has been done in electrical engineering in India, it is hoped 
that the record below will be accepted as in some sense representa- 
tive. 


(a) Soitiktm India. 

Major H. G. Howard, Chief Engineer for Electricity, Madras, 
has prepared the following statement of the development of hydro- 
electric sources in the South of India. 

Madras has been slow in developing its hydro-electric resources 
and it was not until the formation of the Hydro - 
Madras Presi* Electric Development Department in 1928 that 

any organized work was started. 
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This is a small auxiliary schema (in the Nilgiris Plateau) 
constructed by the Government of Madras in 
1929, for supply^ power to the construction 
works of the main Pykara Scheme and also to 
the Municipalities of Ootacamund and Ck>onoor and some tea 
estates, till the Pykara Station came into operation. 

The Glenmorgan Scheme utilized the unregulated flow of the 
Pykara river with a gross head of 675 feet. Provision was 
also made for drawing oS water from the Glenmorgan reservoir 
when required. An intake irom the river diverted water to the 
forebay by an open channel 2,100 feet long. From the forebay 
a penstock 1,780 feet in length was taken to the power station for 
feeding three water wheels. 

Three 375 K.V.A., 400 volt, 750 A.P.M., 50 cycle, d-phasc 
alternators coupled to 500 H.P. Felton Wheels were installed 
together with three 375 K.V.A., 400/1 1,000> volt step transformers. 
Power was transmitted to Pykara construction worlu, Ootacamund 
and other places at 11 K.V. 

The station was closed in February 1933 as soon as the main 
Pykara Station came into operation. 

This is a high head scheme utilizing a fall of about 3,000 feet 
p . „ . found available in the passage of the Pykara 

Electric Scheme Nilgiris District. The catchment 

area has an extent of 38 sq. miles. The flow 
though perennial is very irregular and often drops to around 15 
ouseoa in the dry season^tbe topography however embraces a 
number of feasible storage sites which could be devloped according 
to the growth of power demand. The estimated potential capacity 
of the full development is around 40,000 Kw. continuous or 
60,000 Kw. peak. The initial development utilizes the regulated 
flow of the river with small storages of 58 million cubic feet in 
the forebay and 26 million cubic feet in the Glenmorgan Reservoir 
which is first storage site. 

TTorAe. A diversion weir across the river 3 miles below 
diverts the stream flow to the forebay through 
a. 7,000 feet open channel. From the forebay water is led to a 
sur^ ^ a 78' diameter pipe 1,000 feet long. At the surge 
tank JTTO 27 penstocks branch off and feed 3 turbines through 
manifold piping and valves at the power station. The length of 
the penstock is about 9,300 feet. 

p T> At present three 7,800 K.V.A. S phase 600 

n coupled to 11,000 H.P. Pelton wheels are 

M generated at 1 1 ,000 volte, flO-cyoles and stepped 

The rapply to Nilgiris District is 
at 11 K.V. from an auxihazy bus m the power sta^n. 
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Transmission and DistribtUion. A 50 mile double circuit 
60/110 K.V. line transmits power to Coimbatore which is the 
main receiTing station as al^ the chief load centre. 66 K.V. 
lines have also been extended to Erode, Trichinopoly and Nega« 
patain, a distance of nearly 200 miles from Coimbatore. The 
longest direct transmission at 66 K.V. is 280 miles. But the loads 
at these places have recently been transferred to the Mettur 
Scheme which came into operation in June 1937. In addition 
to the main transmission lines considerable lengths of 11 and 
22 K.V. distribution lines have been constructed, particularly in 
the Coimbatore District. At all load centres out'door step-down 
transformers have been constructed with the necessary transformers 
and switchgear. 

Costs, Load and Rtvtnut, The total capital expenditure 
up to the end of 1936>37 is nearly 2 crores of rupees, the re- 
venue during the year being about 25^ lakhs. The scheme has 
already become self-supporting in the fourth year of operation. 
The load development has been much more rapid than anti- 
cipated, the peak load In June 1937 being over 16,000 Kw., 
which is in excess of the normal capacity of the station. The 
industrial development at Coimbatore accounts for more than 50% 
of the total load, and also the high load factor (more than 60%) 
of the station. 

To provide for the rapidly increasing demand In the existing 
area and also the extensions to Madura and Ramnad Districts 
additional plant has recently been ordered. Additional storage of 
500 million cubic feet has also been provided by constructing a 
dam in the upper reaches of the Pykara river in the Mukurti basin. 
The main features of the extensions are described below. 

Two 12,500 K-V.A., 600 R.P.M., 11 K.V., generators coupled 
to two 16,000 H.P. impulse wheels and two 
'^^E^tenflolTs'”* K.V.A., 11 K.V./llO K.V. transformers 

have already been ordered, as also an addltioDal 
penstock line. Provision is also made for installing at a later 
date two additional units of the same capacity. These extensions 
are expected to be completed by the end of 1938. It is also pro* 
j>osed to raise the voltage of the Pykara Coimbatore line to 110 K.V. 
About 150 miles of 66 K.V. lines to Madura and Virudhunagar are 
under construction. 

The construction of the Mukurti Dam commenced in 1935. 
The dam is to be 90 feet high providing a storage of 1,600 milliou 
cubic feet, and costing Bs.21 lakhs. It has already been raised to 
a level assuring 500 million cubic feet of storage. 

The load on the plants of the Madras Electricity Department 
is expected to exceed 20,000 Kw. and generation 100,000,000 
units in the year 1937-38. 
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This is a Madras Goremment scheme which commenced 
operation in June 1937. The development 
The Mettur consists in utilizing the irrigation supplie.s which 

^ down from the Mettur Reservoir for 
the generation of liydro-electric power, The 
reservoir is of 93,500 million cubic feet capacity and the static 
head over the turbine varies from a maximum of 160 feet to a 
minimum of 60 feet. The dam is pierced by 4 cast iron pipes 8' 0' 
diameter for connection to 4 turbines. 

As the potential output of the Mettur station is very variable 
duo to the wide variation in head and discharge, it is proposed 
to generate and sell three classes of load, viz., 

(i) Primary power available at all times. 

(ii) Secondary power subject to restricted use in dry months 

but which could made into primary power by the 
assistance of the existing Pykara station (and later 
the hladras steam station). 

(iii) Tertiary power generally available for eight months 

in the year. 

The scheme is designed to supply power initially to the districts 
of Salem, Trichinopoly, Taujore, North Arcot, South Aroot and 
Chittoor. 

Power Hotue. The power bouse is situated immediately below 
the Mettur Dam and in it are now installed three 12,500 K.V.A., 
250 R.P.M. generators coupled to overhung type Twin horizontal 
Francis turbines of 16,000 H.P. each. Provision is made for instal* 
ling a fourth unit at a later date. Power is generated at 11,000 
volts, 50 cycles, Biphase and stepped up to 66,000 volta (110,000 
volts later) for transmission to various load centres. Supply to 
local industries near Mettur is at 11 K.V. from an auxiliary bus in 
the power station. The present load on the station is about 4,000 
Kw. including the load which was till recently being supplied 
by the Pykara station. 

Transmtssion and DislribxUion SyeUm. Two double circuit 
66/110 K.V. trunk lines take off from the power station, one 
to Erode in the South and the other to Singaxappet in the 
North. At Erode, the Mettur System is linked with the Pykara 
net work and both stations will be working in parallel for 
some months in the year. Prom Singarappet, it is proposed to 
extend the transmission system to Madras eventually. The initial 
transmission and distribution system .consists of about 100 
mUea, of 66/110 K.V., 300 miles of 66 K.V., 100 miles of 33 K V 
100 miles of 22 K.V. and 26 miles of 11 K.V, lines. 

At all important load centres, outdoor transformer stations 
are provided for stepping down the voltage to 11 or 22 K.*^. as 
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required. At Trichinopoly, which is an important station in the 


Southern area, two 


+2500 


iC.V. synchronous condensers are ins- 


Papanasam 


Perlyar 


-2000 

tailed for ensuring proper roltage regulation. 

The cost of the initial scheme ia about R3.1'4 crores. 

Investigations have been undertaken in connection with 

Future Schemes Hy^o-Electric Projects and plans 

and estimates have been prepared for the 

following : — 

A gravity dam 170 feet high to impound the waters of the 
Thambrapami River. The regulated flow to 
be utilized to generate power for use in the Tinne- 
velly and Ramnad districts. Ultimate installation 5-9,000 H.P. 
Vertical Francis Turbines and alternators operating at 600 K.P.M. 
under a static bead of 330 feet. This scheme is expected to be 
sanctioned in the near future. 

Utilizing the waters of the Periyar Reservoir under a static 
head of 1,000 feet. Ultimate installation 4 
Vertical Impulse Wheels of 13,000 H.P. each 
coupled to 9,000 K.W., 11 K.V. alternators 375 R.P.M. 

Situated near the hills near Karasapatnam. A storage scheme 
t AM supply power to the Northern districts 

a mas ng Province. Ultimate installation 4-7,500 

H.P. Impulse wheels operating under a gross bead of 1,500 feet. 

A small plant of 1,500 H.P. to operate under a gross liead 
rs t of 12 feet situated on the Kistna Canal. 
^ designed to operate in parallel with the Eezwada 

Thermal Electric Station. 

This is a pioneer Hydro-Electric Scheme in Southern India 
constructed by the Government of Mysore and 
started operation as early as 1902, the scheme 
Scheme ^ being started in 1899. It utilizes the gross 

head of about 410 feet of the Cauvery river 
falls near Sivasamudram where the power station is situated. 
The initial installation was a development of minimum waterflow 
of river which corresponds to 6,000 electrical H.P. ; but within 
the last quarter of a century, it has grown to a comparatively 
big Hydro-Electric Scheme with an installed capacity of nearly 
60,000 H.P. From time to time, numerous additions and mc^- 
fications to the power station have been made to meet the increasing 
demand. With the construction of the Krishnarajasagara Dam 
across the Cauvery River (about 65 miles on the up-stream side 
of the power station) and other improvements and modifications 
of the forebay and the channel leading to it, the generating capacity 
of the station has been considerably increased. The following 
are the main features of the present installation : — 
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Power station. There are at present four 6,000 Kw. and six 
3 000 Kw. sets installed in the station. Power is generated at 
2 200 volts, 25 cycle, 3-pha8e, and stepped up to 78,000 V. for trans- 
mission to Bangalore, Mysore, Kolar Gold Fields and other places. 
The original Pelton Wheel generating sets have in later years 
been gradually replaced by bigger high head Francis reaction typo 

The present peek load on the station is about 40,000 Kw., 
the units generated during the year 1936-37 being approximately 
224 millions. 

The ‘ Kolar Gold Fields * has been and continues to be the 
major load for the Cauvery power scheme. 

Transmission and distrwtdion. The main H.T. transmission 
system consists of : — 

(i) 4 circuit 78 K.V. line from Sivasamudram to Kankanhally. 

(ii) A two circuit 35 K.V. line from Kankanhally to Bangalore. 

(iii) A two circuit 78 K.V. line from Sivasamudram to 

Mysore. 

In all there are now about 130 miles of 78 K.V. and 250 miles 
of 35 K.V. lines. In addition to the above, considerable lengths 
of rural distribution lines have been constructed by the Government, 
in recent years. 

The Government have small central stations with oil engine 
sets at Trivandrum and Quilon. The construe- 
tion of an important Hydro-Electric Scheme 
is now in progress. Work was commenced in 1934 and the plant 
is expected to be in operation towards the end of 1938. Water 
is diverted from the Mannar Biver by means of a weir with regulating 
gates through a pressure tunnel nearly 10,000 feet long to 2, even- 
tually 3, penstock pipes, operating under a static head of 1,980 feet. 
The initial installation w^ consist of 3-4,500 Kw. 750 B.P.M. 
11 K.V., alternators coupled to 6,000 H.P. Impulse Wheels. 
The transmission voltage is 66 K.V. and about 150 route miles of 
line are projected. Receiving stations are being built at Kotha- 
mangalam, Alwaye, Quilon and Pallam, one of the most important 
loads being the Tea Estates in the Kannan Devon Hills where an 
initial demand of 1,500 Kw. is expected. 

The scheme ie capable of expansion, and transmission to the 
Peermade Tea District is contemplated in future. 


Travancore 


(6) I^orihem India. 

The compiler is indebted to Mr. A. P. Thomas, CJhief Engineer, 
P.W.D. (Electricity Branch), for the following description 
of Hydro-Eleotrio developments in the North of India. 

In the year 1921 the Government of the Punjab decided that 
a survey of the water powers of the Punjab should be made. The 
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survej’ was conducted by the Hydro-Electric circle and covered 
an area from Mianwali in the South to the waters of the Upper 
Sawat beyond IMalakand in the North and from Kohat in the West 
to Murree in the East. The results of the survey and the examina- 
tions were published in seven parts under the title of ‘ Water Powers 
of the Punjab in 1924 *. Tliis very comprehensive survey shows 
that at least 86 sites suitable for the development of major 
Hydro-Electric stations exist in this portion of the Punjab alone. 
During recent years the main development in the Punjab has been 
limited to that of the Uhl River Undertaking. This is a scheme 
which is capable of development in three stages to an ultimate 
capacity of 12,000 Kw. of which the first stage of 48,000 Kw. has 
been developed and has been in commercial operation since 
April 1933. 

The main features of the scheme are briefly ; a three mile 
tunnel through the Dhauldar mountains, a range of the Himalayas, 
brings the waters of the Uhl and Lumbadag rivers at an elevation of 
about C>000 feet above sea level through turbines in the Neri Khap 
situated about 4,000 feet above sea level, the tail waters finding their 
way back to the Beas river some 70 miles below the point at which 
the Uhl river joins the Beas in hlandi State. The generating 
voltage is 1 1,000 and the main transmission lines radiate at 132,000 
volts from the Power House at Joginder Nagar to Amritsar, Lahore 
and JuUundur. From Lahore to Fero 2 epor© and Lyallpur 66,000 
volt lines radiate to supply these and certain other intermediate 
towns while the 33,000 volt line extends from Jullundur to Ludhiana 
supplying three towns in the way. Altogether 24 towns have been 
supplied and power has been made available to an area of approxi- 
mately 12,000 square miles. With the second stage of the scheme 
increasing the power capacity to 72,000 Kw. it is anticipated that 
lines to Eastern and South Easter© Punjab will be built and this 
will probably occur at no far distant a date, as the present plant is 
being loaded up very fast, its present connected load being m 
excess of 26,000 Kw. . 

Apart from this hydro-electric development there la a smau 
hydro-electric development which has been operating in Chamba 
State for 30 years utUizing the waters of the river Ravi for the 
supplying of power for lighting and pumping in Chamba town ana 
another small plant has been in operation for at least the same 
lengtli of time at Darjeeling. , 

A verv interesting experiment was made with a Jow neaa 
development on a canal in the Punjab in 1920. The late Sir Ganga 
Ram received permission to supply water for irrigation purpe^s 
to a tract uDcommanded by the canal system and for this 
purpose was allowed to instal a hydro-electric plant at a pomt 
where a fall of 8 feet was available in the canal. At this poi^ 
turbines were installed and for many years this plant supp^e^ 
electrical energy generated from the fall for supph^ng a battery 
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of pumpfl lifting water from the canal to tlie un commanded area. 
Under the terms of the agreement when the period for which the 
Charter had been granted had expired, this plant became the pro- 
perty of the Irrigation Branch and has continued to operate satis- 
factorily ever since, although subjected to the difficulties experienced 
by plants of this kind when the canal waters are heavily charged 
with silt. 

In the United Provinces, in 1931. the Hydro-Electric Circle 
commenced on the Ganges Canal Hydro-Electric Scheme. This 
scheme which waa sanctioned for its. 1,38, 56 ,000 was to supply 
power at the following stations : — 

1. Babadrabad 

2. Bhola 

3. Paira 

4. Sum era 

totalling 7,600 Kw. These plants were duly installed and were 
operating in 1933 and as the number of tube- wells was increased 
by the United Provinces Government's embarking on a tube- well 
scheme it became necessary to provide further generating plants 
and an additional plant was installed at Salawa, so that the present 
full capacity of the Ganges Canal Hydro-Electric Scheme in the 
United Provinces is approximately 16,000 Kw. 


(iv) Posts HaBBOims, 

The past twenty- five years have been a period of considerable 
expansion in connection with the major Ports of India. In almost 
every one of these Ports, which, however, are few in number com- 
pared with the size of the country and its length of sea-board, 
there has been a noteworthy development of the facilities available 
for ocean-going traffic, whilst, during the period under review, 
two new major Ports have also been constructed and opened 
to traffic. 

It is proposed first to deal with the developments which have 
taken place in the older Ports and then to deal with the two new- 
comers. Whilst endeavouring to convey by brief descriptions 
some idea of the extent of die engineering developments which 
have taken place, it is felt that it will be appropriate to pay special 
attention to the nature of the problems which have presented 
themselves and which have had to be solved in order that the Ports 
might expand, or be brought into being, as the case may be. It will 
be readily understood, even from a glance at the map, that the 
varyu^ situations of these Ports would be likely to give rise to 
mversity in the physical problems in relation to them and such 
has indeed been the case. 
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(a) Madras. 

At the beginning of the twenty-five year period now imder 
consideration it appeared that the major engineering difficulties 
in the way of the development of a first class Harbour at Madras^ 
had, after many vicissitudes, been surmounted. The coast line at 
Madras runs almost due North and South. It consists of a sandy 
beach differing in no essential respect from that which extends 
for many scores of miles to the North and the South of it. The 
swell of the Bay of Bengal beats on this beach practically without 
cessation, there being very few days indeed during the year when 
the state of the sea is such that the surf ceases. Before the Harbour 
had been constructed, the trade of Madras had been carried on by 
means of surf boats of very light construction plying between 
the beach and ships anchored at some distance out to sea, these 
surf boats, each manned by four to eight men, being the only type 
of craft which could possibly paas unbroken through the heavy 
breakers. The construction of an artificial Harbour had been 
taken in hand in 1877 and the Harbour then formed consisted of 
a pair of breakwaters 3,000 ft. apart, extending seaward, parallel 
to one another, for a length of alwut 3,000 feet and then curving 
towards each other until they left an opening of 515 feet between 
their pier heads. This entrance to the area of 200 acres thus 
enclosed faced due East, towards the Bay. 

The first misfortune which befell the new Harbour occurred 
in 1881, when a severe cyclone caused considerable damage to the 
breakwaters ; and the question of their reconstruction gave rise 
to a controversy, lasting many years, on the question as to whether 
the existing form of the Har^ur were the correct one. During 
the period in which the Harbour had been in use, shipping had 
undoubtedly been put to grave inconvenience. The enclosing 
breakwaters, even when undamaged, had not served their purpose 
of creating an area of calm water in which ships could lie securely 
at moorings and load or discharge their cargoes. The direction 
of the waves for some distance from the shore at Madras, as at 
most places along the Coromandel coast, is, within narrow linute. 
parallel to the shore, no matter what the direction of the wind. 
The slope of the sea bed is a very gradual one and the diffr^tion 
set up is such that there could inevitably be but little variation 
in the direction of the wave action. The consequence was that 
the Eastern entrance permitted the maximum of disturbance 
within the Harbour area which could possibly be set up through 
a gap of that width. It was therefore strongly felt that an entrance 
should be provided in a more suitable position and that the Eastern 


1 Proce€dir\g9 oj the Jnetitution of Civil Enginetre. Paper No. 4228 ^ 
Sir P. J. E. Spring and Mitchell and Papers Noe. 3984 and 4301 by Sir F. J. £<• 
Spring. 
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entrance should be permanently closed. The position which it was 
believed would be most advantageous was in the North-East 
comer of the Harbour. The scheme put forward was to demolish 
a stretch of the Northern breakwater and to continue the outermost, 
or Eastern, breakwater for a length of 1,200 feet Northwards 
in order to provide a shelter for this new entrance, such as would 
be necessary to enable ships to make use of it. The Eastern 
entrance was then to be completely closed. 

This view had eventually prevailed in the teeth of intense 
and prolonged opposition and by 1912 the Harbour had been 
remodelled on these lines. Further misfortune was, however, 
in store and in November 1916, a violent cyclone, of the type to 
which this coast is most liable, struck Madras. In the course 
of a night the end of the sheltering arm, which consisted of a mono- 
lith 42 feet square and 5S feet high, weighing complete with its 
lighthouse about 5,000 tons, bad been demolished, together with 
a len^h of about 130 ft. of the adjacent breakwater. 

This was a serious situation and it was rendered still the more 
difficult by the fact that war conditions, then prevailing, made 
it almost impossible to obtain steel and equipment such as were 
necessaiy for making good the damage. It was nevertheless 
determined that, no matter what the difficulties might be, tho 
sheltering arm should be restored and built on a reliablo design. 

The lack of steel for the construction of a ' caisson * however, 
turned out then to be an insuperable difficulty and the only possible 
course was to provide a semi -permanent Head to tho breakwater, 
leaving over the final solution until conditions became more favour* 
able. The problem thus presented was a difficult one. A semi- 
permanent Head had to be constructed in a situation which was 
obst^cted by the ruins of the breakwater which had been destroyed 
it had also to be carried out in such a fashion that a permanent 
Head could later be formed. The work was, however, successfully 
executed, the semi-permanent Head being built of 420 specially 
moulded concrete blocks, of varying shapes and sizes, surmounted 
by mass concrete, no steel caisson being comprised in the work. 

When it became possible, after the cessation of the war, to 
obtam steel for the construction of a caisson, the forming of the 
^rmanent Head was taken in band and it was completed by 1922. 
A 48 f«t in diameter, was built and towed to the site and 

scuttled in Msition, being then sunk to a depth of 77 feet below 
low The gap between the semi- permanent Head and the per- 

Head was fiUed with blocks weighing altogether about 
tons. The reconstructed portion of the arm, like the portions 
which h^ preceded it, was built of ‘ slice * work, the eloping 
bloclM resting on a rubble base 180 feet wide and 16 feet thick, 
of referred to above, of a very low degree 

tranquillity within the Harbour area, so long as the Eastern 
entrance was m existence, was not the only one with which the 
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Port of Madras had had to contend. It has been stated above 
that the wave action on the beach at Madras is generally parallel 
to the shore. There is. however, a sufficient lateral component 
in the direction of the breakers to give rise to a phenomenon, which 
has proved the bugbear of Harbour Engineers in many parts of the 
world, namely, littoral drift of sand. The heavy swell keeps the 
sand constantly in motion and each wave causes the sand, which 
it has punched, temporarily into suspension to travel a certain 
distance along the beach. Some of the sand is also kept 
permanently in suspension so long as the wave action is in any 
degree severe, and the sand is caused to travel along the beach by 
the inshore current which is set up by the lateral movement of the 
water. The predominant movement is due to the South-West 
monsoon and it has a Northerly trend, but there is also a less marked 
Southerly trend during the North-East monsoon. The quantity 
of sand wluch in this way passes any given point on the beach 
in the course of a year has b^n estimated at between half million 
and a million tons. It is a quantity which can only be measured 
under exceptional conditions, since the action can, and does, take 
place without any marked change in the profiles of the sea bed. 
It will be necessary to refer later to this action of the sea, when 
dealing with conditions which prevail at the new Port at 
Vizagapatam, further to the North. The construction of the 
breakwaters enclosing the Harbour area at Madras naturally has 
interfered with this process. The first result was an accretion of 
san<l to the South, since the breakwater constituted a barrier 
to the movement of the sand ; but wave action continued as before 
on the Northern side, whilst it was, at the same time, not * fed ’ 
by a supply of sand from the South. The inevitable result was 
a very marked erosion along the shore to the North of the Harbour. 

But with the entrance to the Harbour on the Eastern side, 
before the remodelling took place, serious trouble arose from the 
fact that a con.siderable proportion of the sand which was kept 
in suspension, and not deposited to the South, found its way, 
through the entrance, into the Harbour area and was deposited 
therein. The mouth of the Harbour was found to be silting up at 
the rate of 1 foot a year, 10 feet of draft having been lost between 
the year.s 1893 and 1903. This naturally necessitated persistent 
dredging and even this did not keep the accretion in check. It is 
gratifying to be able to record that since the new entrance was 
opened, no difficulty at aU has been experienced in maintaining 
the depth nf water in tbe Harbour. 

Tlio deposit of sand on the Southern side of the Harbour 
naturally continues as before, but the sand is prevented from 
reaching the new entrance by means of an extension of the Southern 
breakwater, kno>m as the ‘ Sand Screen *. 

It is also very satisfactory to note that the entrance at the 
North-East corner had completely fulfilled all expectations and with 
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the completion in 1929 of the new permanent Head, the necessary 
protection to shipping had been afforded. The transfer of cargo, 
to and from vessels lying at moorings, can now be carried on under 
the most favourable conditions. 

Although the remodeUing of the Harbour, very briefly described 
above, had solved the most urgent of the problems facing the 
Port, there was still the matter of the internal equipment to deal 
with. It was felt that matters were not entirely satisfactory 
so long as the whole of the trade of the Port bad to be carried on 
by means of lighters and a certain amount of quay-side accommoda- 
tion was urgently called for. 

A quay was therefore constructed along the Western, or shore- 
ward, side of the Harbour area. The quay wall, which comprised 
four berths for ocean-going ships, was built of monoliths of twin- 
octagonal shape and it it well equipped with hydraulic cranes. 
Four transit sheds, together with a line of warehouses, all well 
served by railway Connections, have also been provided. A ferro- 
concrete wharf has abo been constructed on the Northern side 
of the Harbour and coaling and oil depots on the Southern. The 
past twenty-flve years have, therefore, seen the completion of tho 
remodelling previously taken in band and the equipment of the 
Port on a scale adequate to the requirements of its extensive trade. 


(6) Bombay. 

Bombay found herself in 1912 with a modem dock system 
(the Alexandra Docks) quite recently completed and in use along 
with the older Victoria Docks. 

It was nevertheless felt that the existing docks and wharves 
were likely, owing to the great expansion of trade, to become 
congested in the near future. It was therefore determined, as 
a first step, to make a complete survey of the Harbour with a view 
to selecting a site for a new dock system. The expansion of trade 
has not, in point of fact, since then been so marked as to necessitate 
additional dock accommodation and although features of import- 
ance, such as the construction of the new Ballard Pier, familiar 
to most travellers to India, have been carried out, the dock facilities 
at Bombay remain much as they were in 1912. Schemes of a very 
interesting nature for the improvement of the existing dock 
accommodation have been drawn up but it has been found possible 
to carry on the trade of the Port without embarking even on remodel- 
ling schemes. 

As part of the survey of the Harbour referred to above, an 
tidal model was, however, constructed and reference 
will be found in Section III to the experiments oarried out by its aid. 
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(c) Rangoon. 

The particulars given below of tJie developments in the Port 
of Rangoon since 1912 have been kindly given by Mr. W. D. Beatty, 
Chief Engineer of the Port. 

Endeavour has been made in this chapter to subdivide the 
subject of Engineering into water-tight compartments, but Rangoon 
provides one of the instances in which this system breaks down. 
The Port of Rangoon, unlike the other river Port of Calcutta, 
bad bad in self-preservation to resort to large river-training 
schemes. Further reference to these schemes, to which Mr. Beatty 
alludes, will be found below under the head of ‘ River Control \ 

From an engineering aspect (Mr. Beatty writes) the principal 
questions which have engag^ the attention of the Commissiondrs 
for the Port of Rangoon during the last 25 years are those concerned 
with the conservancy of the navigation channels and approaches 
to the Port, the reconstruction and extension of the Wharf System, 
and the development of foreshore properties. 

Rivtr Corutrvancy. The completion, in 1913, of the Upper 
River Training Wall, 10,000 feet in length, at a cost of 
Rs. 1,38 ,00, 000 was followed by the War period during which no 
works of any magnitude were undertaken. 

Between 1924 and 1928, the King's Bank Training Wall 
was constructed on the right l^nk of the Rangoon River opposite 
its junction with the Pegu River, where erosion and consequent 
expansion of the River bad led to deterioration of the approach 
channel to the Inner Harbour, the purpose of the Wall being to 
hold the River at a definite width. 

The type of construction adopted consisted of a wall of granite 
boulders founded on flexible mattresses built of bamboo and 
brushwood which were sunk at slack water, a similar mattress 
apron with 3' 0' of stone cover being provided as a protection 
against scour. Above low water the wadi was constructed of succes- 
sive double courses of reinforced concrete slabs laid on edge ^d 
anchored together by tlebars suitably protected against corrosion, 
the space between slabs being filled in with rubble stone. The 
widths of the courses were 9' O', 6' 6' and 4' O' respectively. 
form of construction, which was first adopted in the case of the 
Upper River Training Wall, has proved very effective and resulU 
in a substantial saving in the quantity of stone required. 
wall is six thousand and ninety feet in length and cost Rs.38, 10,000. 

In 1936 a shorter Wall, 1,300 feet in length and generally of 
similar type, was construct^ at Syriam Point, where high-water 
erosion had been active, a further length of 1,000 feet approximately 
being constructed of boulder stone without mattresses or slabwork. 

Anxiety which had for a number of years been felt regarmng 
the growth of the Outer Bar, a consequence of the natural develop- 
ment of the Delta seawards, led, in 1932, on the advice of Sir 
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Alexander Gibb and partners, to the construction in London of 
a Tidal Model, the object of which was to reproduce as far as possibie 
the conditions which have led to the formation of the Outer Bar, to 
anticipate the probable tendencies in years to come, and to study 
the eftect of possible remedial measures. In order to fiirtnsh the 
requisite data a large amount of special work was carried out by the 
Engineering and Survey staffs, including float and tidal observations, 
erosion survey, borings, laboratory work to determine silt contents, 
etc. Data regarding the discharge of tidal and upland water at 
different seasons of the year were furnished by a Hydro metric 
Survey carried out between 1931 and 1933. (Particulars of the 
tidal model are given below in Part III.) The conclusions arrived at 
from the model experiments confirmed t)ie view of the Com mis* 
sioners’ technical officers regarding the source of the materia] forming 
the Outer Bar ; they also indicated that there was no reason to 
anticipate worse conditions than in 1931, and that training works 
would be ineffective ao far as the Outer Bar was concerned. 

The period 1020-24 was occupied principally in making good 
«r.- -V , arrears of maintenance due to shortage of 
m^riwt «c?' - ‘he war period. 

Between 1924 and 1928 a large amount of 
work was carried out in reclaiming and developing foreshore 
properties, including the construction of an Import Salt Depot with 
storage for 60,000 tons of salt ; the construction of a Depot for 
inland vessels, including godowns, transit sheda, roads, railways, and 
four screw pile pontoon jetties, the pontoons of which are 200 
feot in length, served by double swing bridges, the jetties being 
carried on screw 'piles. 

Between 192S and 1930 the Strand Market Wharf was construc- 
ted, joining up the separate (screw -piled) Wharf systems, each 
comprising three berths, at Latter Street and Sulu Pagoda. The 
new Wharf is of reinforced concrete, the front portion being carried 
on 7' 0' diameter cylinders and the remainder on 18' X 18' reinforced 
concrete piles. The Transit Shed is double* storied, equipped with 
electric lifts and external shoots. The Wharf carries six 3* ton 
electric Wharf cranes. The yard area is equipped with roads, 
railway sidings, open sheds, and a 10-ton electric transporter 
crane. The cost of this Wharf was approximately Ks .45, 00 ,000. 

In 1^32, a new pontoon berth for sea*going vessels was 
constr^ted at Barr Street, forming a further extension to the 
mam Wharf system. The pontoon is 500 feet in length, in two 
sections, and is served by four swing bridges carried on screw -pile 
approaches ieadmg to a single-storied Transit Shed. 

XU i? 1936, this berth was converted into a Port Health Station, 
the Tr^ sit Shed, a steeL&amed structure, being extended and 
equipped, and the yard area enlarged. 

constructiem of a new two-berth Wharf, 900 feet 
m length, at Brooking Street was commenced ; this will leplace 
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a single bertli T-head screw-pile Wbarf buUt in 1882 which has 
hitherto served the Port Health Station but bad reached the end 
of its economic life. The Wharf is designe<l as a reinforced concrete 
structure, the front portion being carried on three rows of screw 
cylinders, 3' 6' diameter, with 8' 0' diameter cast-iron screws, 
and the remainder on 18'Xl8' reinforced concrete piles. Before 
deciding on screw cylinder construction for the Wharf head a 
number of trial cylinders were put down on the site and subjected 
to load tests with satisfactory results. The Wharf will be equipped 
with single -storey Transit Sheds, eight 1^-ton electric portal 
cranes, and a 40 -ton electric crane travelling on a track normal 
to the face of the AVharf, which will take the place of a 30-ton 
Sheer legs carried on the old Wharf. 

The provision for two berths on this site will facilitate the 
reconstruction of the old Sulu Pagoda Wharf berths which will 
form the next stage in the programme of development. 

For inland traffic the Port possesses a large number of pontoon 
jetties, the majority of which have timber-piled approaches ; the 
latter are gradually being replaced by reinforced concrete structures 
constructed departmentally. 

In other directions the Port has kept abreast of modem 

General requirements. In 1932 a Wireless Direction- 

giving Station was installed some 50 miles from 
Kangoon at the mouth of the China Bakir Biver as an aid to 
navigation. A number of vessels of the Commissioners’ flotilla have 
been equipped with wireless telegraphy and telephony, and two 
vessels have also been equipped with Echo -sounding apparatus. 
Both the former attended light vessels and the River light statioua 
have now been replaced by unattended lights. 

The Commissioners’ Workshops are at present being recons- 
tructed and partially re-equipped, and a 100 -ton Chain -testing 
machine has recently been installed, there having hitherto been no 
equipment of this nature. 

(d) Karachi. 

The following particulars of the Engineering projects carried 
out in the Port of Karachi in recent years have been furnished by 
Mr. D. B. Brow, acting Chief Engineer. 

The most important engineering work carried out by the Port 
of Karachi in recent years was the construction of four deep-water 
berths at the West Wharf, two 550 feet and two 600 feet in length. 

The site for this work was on low-lying marshy land which was 
first reclaimed by means of a powerful suction dredger. 

A quay wall, 2,400 feet long was then constructed on the 
Monolith System. Each monolith measured 30 feet square in plan 
and having four separate wells. The monoliths were sunk by grabb- 
ing out the wells by means of Goliath cranes. The maximum depth 
to which any monolith was sunk below level was 63 feet and the 
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minimum 56 feet. Ver^' hard conglomeration of clay and gravel 
was encountered which in places required blasting. In order to 
assist the sinking, the monoliths were loaded with anything up to 
2,000 tons of cast iron kentledge. Dewatering by means of electri- 
cally driven centrifugal pumps was also resorted to in many cases. 

When the monoliths had been sunk to the required depth, 
the underside of the curb was cleane<l up by divers and all soft 
material removed from the bottom of the wells. The wells were 
then plugged by means of cement concrete deposited by skips. 
The front wells above plug level were left empty and the back 
wells were filled with cement concrete of a weak mixture. 

The quay wall was constructed in mass concrete above the 
monoliths. It is 1$ feet in thickness and contains a conduit for 
electric cables and water mains, 

The front of the quay wall was afterwards dredged to a depth 
of 34 feet below L.W.O.S.T. 

Two of the bertha have been equipped with 2 ton leveMuffing 
electric cranes and also with Transit Sheds measuring 530 feet by 
100 feet. 

The berths are amply served by railway yards in direct 
communication with the North Western Railway system. 

The work was commenced in 1923 and completed except 
for the equipment of two berths in 1930. These two berths are 
now being equipped. 

The total cost of the work, including reclamation, amounted 
to over R.S.I J crores and of the quay wall itself to just Rs.50 lakhs. 

Between the years 1912 and 1936 the Karachi Port Trust 
also carried out extensive reclamation works. There were large 
areas of mangrove swamps surrounding the Harbour and of these 
a total area of one and a half square miles has been reclaimed. 
Formerly reclamation was carried out by a suction dredger but in 
recent years a powerful floating pumping plant has been used which 
empties the barges filled by the dredgers employed on Harbour 
maintenance. The disposal of dredged material in this way costs 
little more than dumping it out at sea and the reclaimed land is 
of considerable potential value. 


(e) CrUdiUa. 

The earlier equipment for the use of sea-going vessels in the 
Port of Calcutta consisted of a line of jetties on the bank of the 
Hooghly, opposite the centre of the town. To these had been 
added, and brought into use in 1892, the Kidderpore Docks in an 
area about two miles to the South of the jetties. 

By 1912,' the expansion of trade had been suoh that further 
accommodation had to be found. The first stage of this extension 
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consisted of a line of fire jetties on the river bank at Garden Reach, 
to the South or downstream side of the entrance to the Kidderpore 
Bocks. These jetties are of steel screw -pile construction, screwing 
having been carried out by means of electric capstans. These 
capstans, the credit for which belongs to Messrs. Braithwaite & Co., 
an Indian firm, are believed to have been employed for the first 
time on this work, though they have been extensively used since 
then in other parts of the world. About 3,500 piles were screwed 
by their aid. 

The Kidderpore Docks had until then been used almost 
exclusively for export traffic, but it was the intention that the 
Garden Beach Jetties should be used for both export and import 
traffic, Imports had previously been handled mainly at the 
Calcutta Jetties, which, as already stated, were close to the town. 
The design of the transit sheds at Garden Roach had therefore 
to be specially considered in relation to new conditions which 
would govern the handling of cargo. 

These jetties were taken in hand in 1913 but progress on them 
was seriously interfered with by the war and the last of them was 
not completed until 1923. They are well equipped with electric 
quay and shed cranes and special attention was paid to the railway 
facilities In connection with them. 

Before the Garden Reach Jetties were completed the second 
stage of Port extension had been taken in hand, namely the 
entrances, graving docks and the first set of berths comprised 
in a new dock system known as King George’s Docks. An extensive 
area of land with a considerable river frontage had been acquired 
in 1907 for this purpose but the construction of the docks did not 
commence till 1920. The features which were added to the Port 
establishment as a part of these docks consisted of a lock entrance 
of dimensions more than adequate for any ship which had yet 
navigated the Hooghly, two graving docks, a pumping installation, 
an area of 42 acres of wet dock and five completely equipped quays. 
The five quays are only an instalment of those which it will be 
possible to construct in future, should the trade require it, and to 
serve by the same lock entrance ; for the layout of the docks makes 
possible the provision of twenty-five future berths. The layout 
of the docks was greatly complicated by the existence of an impor- 
tant main road, running right across the new dock system, and the 
plaji adopted was settled only after prolonged consideration. 
The initial plans necessitated a high-level viaduct over 3,000 feet 
long, carrying the road, but it was eventually found possible to 
o b ta in a 1 1 requ i re m ents wi thou t i nc urr ing this heavy e x pense. 

The soil of Calcutta is of deltaic formation and the execution 
of heavy engineering works at great depths in such strata gives 
rise to serious problems. The levels at which it was necessary 
to found the walls of the entrances and the quay walls were consider- 
ably below those which had been adopted in connection with the 
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Kidderpore Docks, since the new docks were to afford greater 
draft for vessels and to provide for their entry and exit under 
alt conditions of tide. Wlien the Kidder pore Docks were approach- 
ing completion, an incident occurred which, only by u stroke of 
fortune, did nut develop into a disaster of the first magnitude ; 
the quay walls on cither side of the dock moved bodily forward 
under the pressure of the earth behind. This occurred at a stage 
before water had been allowed to flow into the dock area and the 
forward movement was as much as f> foot. The movement was 
only arrested by the prompt flooding of the dock area. 

It had been the intention when the Kidderpore Docks were 
started to maintain the water at a level 0 feet l^low that of the 
quays. Since the docks have been flooded however, no Engineer 
had ever dare<l to lower the water level below about 2 feet 0 inches 
from quay level, lest the forward movement of the ({uay walls 
should re-coimnence. The water of the Kidderpore Docks has, 
therefore, to be maintained at this high level year in and year out ; 
and as the level is well above that of the mean tides {and in fact 
above that of high water on all but a few days of the year) this 
means that enormous volumes of water liave to be pumped year 
by year in order to maintain the water level in the docks. 

It was intended to have the water level in the King George’s 
Docks at that originally intended for the Kidderpore Docks, and 
whatever happened there had to be no change of plans owing 
to any such incident as occurred at Kidderpore. The movement 
of the quay walls at Kidderpore had been due to a conjugate 
or horizontal, pressure from the earth behind, quite in excess 
of that which had been taken into account when designing the 
section of the quay wall, combined with ccrUin unsuspected pro- 
perties of the treacherous soil. It waa very necessary, when 
planning the quays at King George’s Docks, to take to heart the 
lessons leamt at Kidderpore. 

u Kidderpore had been 

built of moss masonry. Timber tranches had been carried down 
^ the leveU at which it was intended to found the walls 
Ex^nenw had quickly shown, once the work was started, that 
It the ^Us were to be constructed in this fashion, it was necessary 
to build them m two halves since the area which could bo exposed 
^ one time in a. trench at such low levels was definitely limited 
^ en^«*voured to open out a greater area, the bottom 

of the trench rose, the sides collapsed and the heavy timbering 
^ matchwood. After the incident, to^ referred to 
^ 0 ^, It was found that the soil had been heaved up at a point in 

^ behind the walls 

in which a conespon^ subsidence had taken place. Such were 
the strata in which the work had to be executed ^ 

delenmed to construct the King George’s Docks’ 
waUs in monoliths instead of in mass work. It will ha^ been seen 
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above that this tj'pe of construction had been adopted for the Madras 
and Karachi quay walls and it Jiad also been followed in an extension 
of the Kidderpore Dock whicii had been carried out some eighteen 
years after the completion of the first stage. It would have been 
quite impossible to form timbered trenches in the soil of Calcutta 
<lown to the levels at which it was proposed to found the walls 
of the King George’s Docks. Before that level could Jiave been 
reached, a bed of water-bearing sand would have been encountered, 
which would have rejidered further progress impossible. It was, 
however, cjuite feasible to penetrate this stratum by means of 
monoliths. 

The monoliths were designed of a breadth cojislderably in 
excess of that of the Kidderpore Docks’ wall, thus making* for 
stability, but the main measure of security lay in the fact that 
tlic scheme of operations provided for the balancing, during cons- 
truction, of the lateral pres.su res in front of and behind the walU. 
In the case of the lock entrance, this object was achieved bv the 
construction of temporary masonn*, standing above the finished 
floor level, in the monoliths of which the floor, as well as the walls, 
was constructed. In the process of forming the lock floor which 
had to be founded just a^ve the top of the water dogged sand 
stratum, a fortuitous and unforeseen circumstance came to the 
aid of the Engineers. In sinking the monolith walls, a considerable 
volume of the water-bearing sand was drawn into the shafts of the 
monoliths and excavated through them. The ei^ect of this was 
to lower the bottont of the clay resting above the sand and to 
make it possible to found the fioor monoliths in greater security. 
Once the water-bearing sand were pierced by the floor monoliths, 
the completion of the floor would have been a matter of great 
diSiculty as there w'ould have been no means of staunching the 
upward floor of water tli rough the monolith shafts. The same 
good fortune attendecl the Engineers in connection with the cons- 
truction of the graving dock floors, which like those of the lock 
entrance were formed of monoliths. In the case of the quay walls, 
the wet dock area was flooded before the walls were completed, 
the subsequent excavation being effected by means of ‘ dragline ’ 
excavators. The water pressure in front of the walls served to 
balance tliat of the earth behind and equilibrium was achieved. 

Another problem which had to be solved in connection with 
King George’s Docks was that of the water supply. The water 
level which had been decided upon was, as already explained, 
0 feet below quay level, or 6 feet 6 inches to 7 feet below the water 
level of the Kidderpore Dock. This level is approximately the 
mean level of the river throughout the year, but in view of the 
great difference between the river levels in the wet and in the 
dry season, the replenishing of the dock water by gravity throughout 
the year was impracticable. The water in the Hooghly is heavily 
laden with silt and, in the case of the Kidderpore Dock, a canal 
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two miles long bas been provided in which the silt can settle 
and afterwards be dredged, before the water is pumped into the 
docks. The site which had been acquired for King George s Docks 
did not lend itself to the provision of a canal of this kind and such 
a feature, even if provided, would necessarily have cut across many 
lines of communication. It was concluded, after a series of obser- 
vations, that if pumping operations were carried out only at certain 
states of tide, the quantity of silt could be so restricted that it 
would be possible to pump water direct into the Kidderpore Docks 
near their river entrance : and at the same time, advantage could 
be taken of the difference in water level between the Kidderpore 
and King George’s Docks to obtain a gravity flow ftom the former 
to the latter, one pumping operation sufficing for the two dock 
systems, which are about a mile apart. This scheme was adopted, 
but for the ad inUrim phase, in which only the river end of King 
George’s Dock would be in existence, it was decided to provide 
a pumping installation at King George’s Dock which would serve 
both for dewatering the graving docks and for replenishing the 
water In the wet dock. This naturally entailed additional dredging 
in the King George’s Dock in its initial stages. Eventually, the 
Kidderpore Dock canal can be taken out of use and the valuable 
area which it occupies may be devoted to a useful purpose. 

King George’s Docks were opened at the beginning of 1929. 
At a later date a new entrance waa completed for Kidderpore Docks, 
which greatly facilitated the passage of vessels from and to the 
river Hoogbly. 

The foregoing is a very brief summary of the principal schemes 
carried out in the process of developing the major Indian Ports 
which were in existence before 1912. A brief reference will now 
be made to the two new Ports which have been brought into exist- 
ence since that date. 

(/) Cochin, 

The Port of Cochin' has been built in a back-water. The 
entrance channel to the back-water was already in existence between 
British Cochin and the island of Vypeen but a depth of only about 
10 feet of water existed over an outer bar, 600 feet wide, between 
the two-fathom contours. The great problem at Cochin was 
the formation through this bar of a deep water channel, which 
could subsequently be satisfactorily maintained. Opinions di^ered, 
and the main point at issue was as to whether such a channel 
could be maintained without its being necessary to dredge in the 
open sea, not only in the calm season, but also during the monsoon. 

This problem, not dissimilar to others which have been 
encountered elsewhere, was solved at Cochin by the bold method 
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of a full-scale experiment. A dredger was purchased for use 
solely with a floating pipe-line. Such a pipe- line could only he 
used continuously in a comparatively calm sea with a swell of 
little more than two or three feet. To use it in the monsoon would 
have been quite out of the question. 

It was realiaed that a portion of channel, dredged in a calm 
season, would by the next calm season inevitably have silted 
up to some extent. The problem therefore was whether a dredger 
of the capacity which had been provided could dispose in one 
calm season of the si Ration which would have taken place in the 
preceding monsoon and in the same season also carry out sufficient 
original dredging. If it were possible in this manner to form a 
channel by seasonal advances, and to provide a section of channel 
which, throughout the monsoon, would, notwithstanding the 
si Ration, still afford a draft sufficient for ships, then it would be 
possible subsequently to maintain the channel by the same dredger, 
once it were formed. 

The flrst programme of open sea dredging was carried out 
in 1926-27 and the channel was completed in the calm season of 
1928-29. 

Since then the channel has been in use as an access channel 
to the berths which have been provided in the inner Harbour 
of the Port of Cochin, which is still in process of extension. 

ig) Vtzagapaiam. 

Until the opening of the Harbour of Vizagapatam,^ no sheltered 
anchorage existed in the 1,000 miles of coast lino between Calcutta 
and Madras. 

The conditions at Vizagapatam resemble in one respect, 
those which have been described above in connection with Madras, 
but in that respect only. There is, along the Oircars coast, a littoral 
drift of sand comparable in magnitude and in character with that 
which occurs at Madras. But whereas the Harbour at Madras 
had been constructed on the open sea bed, all ideas of following 
such a plan at Vizagapatam had been abandoned before the con- 
struction of the Harbour was taken in hand. Experience has shown 
how fortunate it was that such schemes, which were nevertheless 
very seriously considered, were not acted upon. 

A channel runs at Vizagapatam between two hills and connects 
the sea with a back-water which is in an advanced stage of siltation. 
It was decided, instead of enclosing an area on the sea bed by 
breakwaters as at Madras, to deepen the channel between the 
bills and to use It for access to a land-locked Harbour to be 
constructed In the back-water. 


' /^roceedinfif c/ In4fi(uiion of Civil Knginefrt. Paper No. 5007 by Ash 
and Rnttonburg. 


ash: bngxkeeriko in India. 


o05 


The deepening of the channel of itself presented certain 
difficulties, since the bed was largely formed of rock ; but the main 
difficulty lay, as at Cochin, in the dredging and maintenance of 
a channel through the open sea bed. 

The opinion had been formed, before the construction of the 
Harbour was started, that the littoral drift of sand, If any. would 
not be of the nature of that of which the existence had been 
established at Madras. Nevertheless, doubts arose after work 
had been commenced, as to whether this conclusion was really 
a sound one, and preparations were made for cncounterii^p the 
difficulties which would certainly arise, should an active littoral 
drift be found to be present. Events proved that a northward 
drift of sand in no way leas formidable than that at Madras was 
occurring at Visagapatam during each South-West monsoon. 

There is one very important difference between the situations 
at Madras and at Vjzagapatam. At Madras, as has already been 
explained, the coast line is sandy and to all intents and purposes 
straight. At Vizagapatam, the southern of the two hills, between 
which the channel flows, projects out to sea, and is not fringed 
by a sandy beach. Had a Harbour been formed by breakwaters 
constructed on the sea bed, as at Madras, the inevitable result 
would have been that the bay between the new Harbour and the 
projecting hill would in a season or two have become completely 
choked with sand and the maintenance of an entrance w*ould 
thereafter have become a matter of grave difficulty. 

Once the facts of the situation had been established, the 
problem of the formation of a channel through the sea-bed 
at Vizagapatam was in certain respecta not unlike that which had 
bad to be faced at Cochin. The dredging equipment which was 
available could not be expected to form so long a channel in one 
calm season. The calm season at Vizagapatam is even more 
curtailed than that at Cochin, and a programme of not less than 
three seasons' dredging in the open sea bad to be faced. But it 
was also certain that, when the channel were formed, means must 
be found by which dredging could be carried out on a large number 
of days tltfoughout the year, in order to cope with the very great 
volume of sand, which would annually be driven by the force of the 
South- West monsoon into a restricted length of the channel. 

It was believed that nearly the whole of the littoral drift 
took place within a zone extending some 600 feet seaward from the 
edge of the sea. It was possible by means of dredging to provide 
an area in which to trap a portion of the sand which would be 
impelled along the coast in the course of each monsoon, but the 
position would be far from secure unless it were made feasible 
for a dredger to work in this area for at any rate a part of the 
monsoon and so to hold the accretion in check. 

A£_. conditions which prevail at certain Harbours in South 
Africa, where the littoral drift of sand is very much in evidence. 
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were carefully studied before a scheme was put forward for dealing 
with the difficulties in connection ^vith the entrance channel to 
\ izagapatam Harbour. The scheme which was decided upon 
involved the construction of an island breakwater on the Southern 
side of the channel. A gap of about 600 feet was left between 
the end of this island breakwater and the projecting hill to the 
south of the channel : and in tlxe triangular space between the 
hill» the channel and the breakwater, a * chambre d'apport or 
sand-trap was clredged in which it was exjxocted that the sand, 
which had been driven through the gap by wave action, would 
deposit as soon as it entered the comparatively calm area under the 
shelter of the island breakwater. Tlie protection of the island 
breakwater would, it was believed, give the necessary shelter 
for dredging operations in all but very rough weather, It was 
evident that the alignment of the breakwater and the breadth 
of the gap must bo carefully detennined if these conditions were 
to be realised. 

As has been state<l above, the Harbour project was originally 
taken in hand in the belief that conditions of a much more favourable 
nature would exist in connection with the entrance channel. It 
was then considered that no Protective Work would be necessary 
for the maintenance of the channel and that the dredger would 
annually maintain it with ease by dint of a calm season’s programme 
of work- By the time the contrary conclusions had been 
established, however, a great deal of progress had been made on 
tlie construction of the quays, etc., which were to be provided 
in the Harbour. Exceptional measures were called for if the 
Protective Work were to be completed by the time the berths 
and other features were ready. 

It so happened that a vast tonnage of merchant ships was 
at that time laid up all over (he world, on account of the hnancial 
slump. Such vessels could at that juncture he purchased for very 
small sums. It w*a$ therefore determined to utilize the hulls of 
two sue lx ships as a working platform for the rapid construction 
of a breakwater, The ships were purchased in the summer of 1932. 
They were scuttled in the pre -determined position in the short 
calm season of 1932-33. They were filled with stone boulders, 
of wliicli the neighbouring hills afforde<l an abundant supply, 
and adeqt lately protected externally by similar means, particularly 
on tlie weather side, before the South-West monsoon rendered 
conditions so bad as to stop the progress of work. 

The .sand driven along the coast accreted during the monsoon 
In the sand trap, where tlie protection afforded by the breakwater 
made dredging possible on a number of days during the monsoon, 
sufficient for the maintenanee of the channel. The Harbour 
was opened for traffic during 1933. 

A working model by which the conditions which prevail in 
the outer part of the channel could be investigated was utilized 
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when arriving at the conclusions, on the strength of which the 
foregoing scheme was formulated. A brief description of this 
model will be found below in section III of this chapter. 

(v) River Control. 

Reference has been made above, and further particulars will 
be found below, to experimental investigations which have been 
made into the problems of the Port of J^ngoon. The difficulties 
which, at the time when these investigations were made, were 
threatening the Port, were in the lower reaches and at the mouth 
of the river. At an earlier stage it had, however, been found 
necessary to take in band a river •training work of great magnitude 
in the upper reaches. 

The Rangoon river' at a point above the town takes a right- 
angled bend, which had resulted in the erosion of the concave bank . 
and the formation of a deep embayment. Whilst adequate records I 
had not been kept over a long period, it was known that the action « 
had been in process for a long spell of years. The deep water (, 
channel had been diverted year bv year further from the Rangoon i 
foreshore and largo sand banks bad been formed on the right side of ^ 
tlie river above the town. Erosion had set in and had commenced 
to undermine the jetties and wharves of the Port whilst the mooring ■ 
facilities for sea-going ships bad been seriously affected. This p 
was the state of affairs which bad to be corrected, if the amenities l 
of the Port were to be preserved. J 

After most careful investigation, a scheme was adopted for | 
the construction of a river training wall of a len^h of about 10,000 (t. m 
The type of construction to be followed for this training wall had ! 
been a matter of prolonged controversy, the main point of contention | 
being as to whether wall should, or should not, be found on 
mattresses. It was eventually decided that mattresses should | 
be adopted and the wall consisted of a mound of granite rubble, * 
mainly deposited by hopper barges on a carpet of mattresses 230 feet J 
wide. The mattresses, which were constructed of brushwood, ' 
were towed to the site and sunk in position by means of rubble. 
Mattresses of various forms have been used in many countries 
for river bank revetment and river training, but, as far as is known, 
they had never been employed on so large a scale in deep water 
in a strong tide-way. 

Since there was no precedent on which to work, it was natural 
that there should originally have been considerable opposition to 
the scheme, and it is, therefore, gratifying to be able to record that 
not only was the scheme suooessfuUy executed, but that the 
effects upon the river have been in line with the expectations on 
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which the project was taken in Land. It is recorded that the deep 
water channel was brought back to the position which it had 
formerly occupied, affording a navigable channel of a depth of 50 
feet below low water in front of the wall ; that the sand banks 
which had threatened Hangoon had been very considerably dimi- 
nished ; that deposition had taken place rapidly inside the embay- 
ment ; and that the dangerous cross current which had formerly 
occasioned such anxiety for the safety of the Port had been 
eliminated. 

It is proposed to describe only two Biver Projects in this 
chapter an<i the second one is the restoration of the breach in the 
guide bank of the Hardinge Bridge. This bridge, ‘ to which 
reference is made in Section II, crosses the lower Ganges by fifteen 
spans of 350 feet with three land spans of 75 feet at each end, 
making a total of 5,700 feet. The Piers consist of monoliths and 
they were sunk to as much as 150 feet below water level- The 
instability of the lower Ganges river has been repeatedly demons- 
trated and the measures which had been taken with a view to 
ensuring that, no matter how much it wandered in other stretches 
of its course, it would retain its alignment at the Hardinge Bridge, 
bad been a matter for anxious consideration when the bridge 
was constructed. Training banks had been provided of a length 
of 4,000 feet and, on their completion, it was felt that the bridge 
was reasonably secure. 

In 1933, however, the river showed signs of eccentric behaviour 
and, almost without warning, a breach about 400 feet long 
occurred in the right guide bank of the river. It was evident, 
also, when the mischief was first discovered that the process of 
undermining the bank was still in operation. A most serious 
state of affairs had developed and the safety of the bridge was 
clearly in jeopardy. Fortunately, the annual fall in the river 
level could not be much longer delayed, but before this took place, 
the breach had extended to 1,000 feet. 

Urgent action was obviously necessary If the bridge was 
to be preserved and a start was m^e on the construction of a mole 
and back-water bund without delay. The early results were 
very disheartening as the stone which was dumped appeared to be 
di»j.sipated immediately, and there was a stage at which the task 
appeared to be impossible. The time available for work was of 
course limited, for unless means could be found to secure the bridge 
before the river rose again, it was obvious that disa.ster was in store. 
By dint of tremendous efforts, the work was, however, completed 
just before the flood season of 1934 and although there were critical 
time.s during the ensuing flood season, the danger was eventually 
surmounted. To describe in full the measures which were carried 
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out under the most trying condition in 1933 and the subsequent 
restoration work in the two following years, would require more 
space than can be devoted in this chapter, but the saving of 
Hardinge Bridge is in its way an outstanding feature of River 
Engineering work carried out under the most trying and anxious 
conditions. The quantities of ballast which had to be quarried, 
transported and deposited in the execution of this work were almost 
unprecedented and the saving of the Hardinge Bridge was achieved 
by a triumph of organisation. 

(vi) Bridges. 

Dr. A. Jardine of Messrs. Jessop & Co. has dealt in the following 
paragraphs with the progress of Bridge Engineering in India. 

The principal bridges built in India, during the last twenty 'five 
years, have been railway bridges. Dr. Jardine treats his subject 
from a general point of view ; but a list of the more important 
bridges, which have been constructed, has been given in subsection 
( i i )—( Rail ways)— above. 

In one respect it may, perhaps, be thought that this apprecia* 
tion of the subject is anticipatory, in that space is devoted to the 
new Howrah Bridge at Calcutta, work on which has only just begun. 
As, however, the most important task of the design of this bridge 
has already been completed, it will, it is hoped, be agreed that it 
would have been unjustifiable to await the Golden Jubilee of the 
Indian Science Congress Association before presenting the facts 
in connection with this bridge, which will, when completed, be 
one of the most important higt^vay bridges in the world. 

This chapter deals with enmiieeriiig progress ' In India 
and consequently stresses the subject of engineering effort ' In 
India Dr. Jardine raises the question as to whether the purely 
Indian effort should, in some cases, be greater than it is. When 
the chapter on Engineering Progress comes to be written for the 
Association’s Golden Jubilee, it will be interesting to see whether 
the hopes, which are now expressed, have been fulfilled. Dr. 
Jardine writes 

A correct appreciation of the great progress made in India 
during the last quarter of a century is only possible if her relative 
international status in this field is fi^t clearly defined. 

India is a land of many great rivers which interpose wide 
barriers bet^en her important towns and districts, rendering 
commum cations difficult, if not impossible, without the aid 
of the Engineer, and resulting in her having some of the longest 
bridges m the world. Fortunately for her, from an eeono^o 
point of view, the Bridge Engineer has not in any of these crossings 
been complied to build what are known as ‘ Major Bridge * 
w that India’s place in the world of bridges is not a very hieh one* 
She has at present not a single ‘ Major Bridge * within her territories. 
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but this condition, however, will not prevail much longer, for at the 
time of writing a new Cantilever Bridge of 1,500 feet span is in 
course of construction over the river Hooghly at Calcutta, and to 
this important structure further reference will be made. 

The importance of a bridge as an engineering structure is 
measured by the magnitude of its individual spans, by which is 
understood the clear unsupported distance measured along the 
bridge between its points of support. Consequently a bridge of 
one great span ranks higher than a bridge having a multiplicity 
of smaller spans, even though the total length of the latter 
may be much greater. Bridges of 1,000 feet span and upwards 
are classified as ‘ Major * Bridges and the total number of these 
throughout the workl is distinctly limited. Most ' Major Bridges ’ 
are to be found in the United States, which is, by a perpoiiderating 
margin » the leading Bridge Building country of the world. 

The cost of these large bridges is very great, for as the individual 
spans increase in length, their cost of construction rises iu much 
more than simple proportion. No bridge therefore is built with a 
longer individual span than is necessary to secure the maximum 
possible economy of construction under the physical or other 
conditions governing the design. If no restrictions arc imposed 
by navigation requirements, or other riverine conditions, the 
spans are kept as short as the physical conditions of the crossing 
will permit, and as the economics of the design may happen to 
dictate. 

As already stated it is fortunate for India that it has always 
been possible to bridge her rivers with a series of comparatively 
short and economical spans, thus enabling her usually limited 
funds to accomplish much more construction. 

Outstanding examples of the four principal types of bridges 
are given below : — 

Smperuion Bridges.— 

Golden Gate Bridge, San Francisco, Span 4,200 ft. 

Cantilever Bridges . — 

Quebec Bridge, Span 1,800 ft. 

Arch Bridges . — 

Sydney Harbour Bridge, Span 1,650 ft. 

Girder Bridges . — 

The most common type, the maximum span being about 
700 ft. 

India has not so far a single notable bridge of any of these types. 
Her Suspension Bridges are all of light construction, carr^g 
narrow roads and footpaths over inaccessible or difficult crossings 
on spans up to about 400 ft. 
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One Cantilever Bridge of 800 ft. span exists at Sukkur carrying 
the N. W. Railway over the Indus. It was constructed about half 
a century ago, and is now due for replacement as it is not up to 
modem loading requirements. It appears doubtful whether a 
new bridge would be of the same type, for it would probably 
now be considered possible and economical to construct one or 
more piers in the river bed, and so avoid the necessity for a large 
single span. 

Of Arch Bridges India can only show a few examples, the 
spans of about 300 ft. being relatively unimportant. 

The majority of India's bridges are of the Lattice Girder type, 
with Railway spans up to about 360 ft., and Road spans up to 
450 ft. Her largest bridges, therefore, usually consist of a series 
of comparatively * unimportant * spans, placed end to end, to 
make up the length required. The resulting structures however, 
from their very length, are of most impressive appearance, especially 
in the monsoon, stretching as they do in some cases for a distance 
of about two miles across the fast Sowing and turbulent rivers. 

In connection with the length of India's bridges it may not 
be out of place to refer to a world famous development of engineering 
practice due to one of India's pioneer Bridge Engineers. Although 
this principle was established long before the period now under 
review its benefits are still secured on all bridge construction whore 
crossing wide and indeterminate river beds in level country. By 
the adoption of * Bell's Bunds ' on each bank, the length of bridge 
required is greatly reduced, but much judicious calculation is 
required to ensure that ample area under the bridge is left for the 
maximum volume of fiood water ever likely to pass the site in 
a given period, whilst ignoring the almost indefinite spreading of 
the flood waters when the river rises. 

The construction of a bridge involves four distinct stages % 

First the prepaxation of the design. 

Second the construction of the piers and abutments. 

Third the actual manufacture of the steelwork. 

Fourth the erection of the latter in place on the piers. 

Of these the second and the fourth must obviously take place 
at the site of the bridge, so that the credit for their execution is 
due to the Bridge Engineers on the spot. The first and the third, 
however, granted the necessary knowledge of all the conditions 
involved, may be carried out where most convenient. 

India has in the present period made such great progress 
in every one of these subdivisions of the art of Bridge Engineering, 
that it is now possible for her to design and build any bridge she 
may require, and this with materials produced and manufactured 
entirely within her own borders. 
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Nearly every important bridge in India is a railway bridge, 

- . though of late years it is true that certain 

® ® new railwat* bridges, as a secondary feature, 

have provided roadways on their structures. Several other old 
bridges, when no longer adequate for railway loadings, have been 
converted to road traffic, The various Indian Railway authorities 
have, therefore, been, and still are, responsible for the majority 
of India’s important bridges. The present policy of the Government 
of India is to absorb, and to operate as State Lines, all the chief 
Indian Railway Systems, This process is yet far from complete 
und several big Railways are still controlled by Companies having 
their headquarters out of India, being largely independent of 
Indian control. 

The State Railways to a large extent, and the Company Lines 
almost entirely, place the final responsibility for their bridge 
designs on Consultants abroad, this feature being particularly 
noticeable in regard to the steelwork itself, which in all cases is 
designed out of India. The same remark applies to most other 
public bodies in India, 

The already firmly established connection with these Consul- 
tants, extending back as it does for half a century or more, is the 
chief reason for the persistence of the present system of referring 
automatically abroad all important matters in regard to bridge 
design. As affecting the development in India of a tradition in 
this vital aspect of bridge engineering, it is unfortunate that 
no change appears to be seriously contemplated. One of the 
immediate effects of this a priori reservation of the largest portion 
of India's consultative work is to render it unattractive to any 
Consulting Engineer of standing in bis profession to establish 
himself in practice in the country. From the nucleus of such 
a consultative organisation once established, development would 
rapidly take place, and a body of Engineers skilled specially in 
the art of bridge design would soon become available. 

Suitable talent undoubtedly exists in India, and with the 
removal of the present handicap it could easily keep pace with the 
rapid expansion in all the other departments of bridge engineering. 

In spite however of this basic restriction.it is satisfactory 
to record great progress in recent years. The Bridge Departments 
of each of the important Railways, and to a lessor extent of certain 
other public bodies, contain many keen and skilful bridge designers, 
who would welcome the chance now denied them of executing 
in their own offices the whole design of the numerous important 
projects which pass through their hands. The same applies 
to the skilled technical staffs retained by the various private 
onjrinocring firms, as a necessary adjunct to their greatly extended 
and liighly developed manufacturing capacity, who now handle 
an appreciable volume of advanced de.sign work. 
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Indi&’a progress in regsrd to substructures and piers has not been 
so marked as in the other branches of bridge 
Substi^c^res engineering, for the reason that at the begin- 
ning of the period under review she undoubtedly 
had sufficient skill and experience, and could have undertaken with 
confidence any contemplated work of this nature. 

Perusal of the list of important railway bridges constructed 
during the period, as given in another section of this chapter, 
will show that much construction baa been done. Technique has 
been improved and increased confidence has been gained, so that 
larger projects are now undertaken as a matter of course, which 
it is true might then have been regarded as notable. 

Tbe essential process of pier sinking In use in India remains 
practically unaltered, and she cannot record the execution of 
bridge substructure work by any of the somewhat novel modem 
methods being developed in other countries. 

It should, however, be recorded that tbe almost universal 
S 3 r 8 tem of sinkiz^ * wells * for piers by * open dredging * is supposed 
to have had its origin in India, and to have been developed from 
her ancient system of sinking her village wells. 

The application of compressed air to assist the sinking process 
cannot be called a modern development, although here again 
technique has advanced considerably, and compressed air is now 
being applied in India much more commonly than before. 

Be cent important constructions include the piers for the Ava 
Bridee in Burma, and tbe Nerbudda Bridge in India, both involving 
the building in deep water of numerous piers far down into tbe 
river beds, making extensive use of compressed air during sinking. 

The main piers for tbe new Howrah Bridge now under cons- 
truction are unique both for their dimension and for the engineering 
problems they present in their execution. Located one on each 
bank, they are each 189 feet x 81 feet in plan, and will extend some 
120 ft. below ground level. When completed each pier will carry 
a total load of about 100,000 tons. 

In the manufacture of bridge steelwork India can record the 
M«ur.ctur. ct “ost s^ota^w 

Bridge Steelwork 'At the beginning of the penod tbe manufac- 
ture of mild steel in India was just about to 
cotnm^ce on a modest scale, and all raw material for local 
manufacture had to be imported. Practically all structural steel 
of any importance was manufactured abroad, and imported ready 
for erection. This was particularly true of steelwork for raUway 
bndges, and almost entirely so for road bridges. Most require- 
ments of this nature being satisfied from abroad, both as regards 
desipi and manufacture, Indian fabricators had to be content 
^th the OToduction of comparatively unimportant structures. 
Railway bridges up to about 40 feet span were made in India in 
small numbers, and road bridges on occasion up to say 160 feet span. 
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The positioa to-day is far different. The manufacture of 
mild steel is well established, and only a small percentage of India’s 
requirements are imported from abroad. Expansion of the existing 
steel works is in progress, and the building of entirely new steel 
works is in hand, so that in a few years the position will be reversed 
and India should be able to export her raw and manufacttired steel. 

High tensUe steel for bridge construction has been in use 
in other countries for many years, and it is very satisfactory to 
record that India has recently successfully undertaken the produc- 
tion of this class of steel, the adoption of which enables the Engineer 
to construct with increased economy bridges of longer span than 
before. The major portion of the new Howrah Bridge is being 
made from Indian high tensUe steel. 

The existence of indigenous steel works has bad an important 
bearing on the rapid development which has taken place in the 
manufacture in India of all mild steel products, — of which Bridge 
superstructures are probably the most important. India’s record 
is one which she may to-day regard with every satisfaction, for 
whereas not long ago nearly all her fabricated steelwork was 
imported, she is now practically independent of foreign supply, 
only a small proportion of her needs coming from abroad. 

The culminating point in this development is the manufacture, 
now in progress in Calcutta, of the whole of the steelwork for the 
1,500 feet span New Howrah Bridge referred to above. This struc- 
ture is worthy of special mention as it will on completion be one of 
the world’s * Major Bridges and will in fact as a Cantilever Bridge, 
rank third in importance, being exceeded in span only by the 
Quebec Bridge and the famous Forth Bridge, of spans 1,800 and 
1,700 feet respectively. The bridge will cross the River Hooghly 
in Calcutta without intermediate support, a condition enforced 
not by physical difficulties, but by the fear that sinking piers in 
the river might cause damage to the regime of the adjacent Port. 

The Hooghly is crossed a few miles higher up by the Willingdon 
Bridge, having spans of 350 feet, resting on interm^iate piers sunk 
deep into the river bed, and Ugber up again at Naihati by the 
Jubilee Bridge, also on river piers. Up to the present, the super- 
structure of the Willingdon Bridge holds pride of place in India for 
massiveness of construction, and for length of span. It is also 
notable as having been fabricated in Calcutta from Indian steel. 

Compared to the New Howrah Bridge, however, all other 
Indian bridges are insignilicant, as will be soon realized when 
its gigantic structure begins to rear itself up from the banks, and 
to creep forward over the water to its final junction in the centre. 
The completion of this structure will entitle India to a prominent 
world position as a Bridge Builder. 

In one modem aspect of bridge manufacture, India certainly 
has led and still leads the way, namely the mass production of 
bridge steelwork to such a degree of accuracy that all similar 
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parts are strictly alike and exactly interchangeable. This refine- 
ment of manufacture is also of great value during the erection 
at site. The difficulties are very great, but provided the necessary 
meticulous degree of accuracy can be attained, it tends to facilitate 
production, and the greatly enhanced initial costs are fully justified. 

Nearly all the large bridges built in India of recent years, 
and referred to by name elsewhere in this review, have been cons- 
tructed on this system. So great is the confidence in its reliability 
that it is now common to despatch complicated steelwork to site 
for erection, without having first assembled the parts together 
in the works. A notable recent example of this method is the 
Meghna Bridge, for the Assam Bengal Railway, now nearing 
completion. The com^nent parts of the seven main spans of 
323 feet were, for rapidity of manufacture, fabricated in three 
entirely separate works in Calcutta by difierent companies, and 
came together at the site with complete accuracy. 

The steelwork for the Howrah Bridge is being manufactured 
by these up-to-date methods in the same three works in Calcutta. 

In the short space of an article such as the present it has not 
been possible to go into detail in connection with various aspects 
of Bridge Engineering of which mention has been made, but it 
is hoped that in a general way the reader will have been able to 
appreciate the progress which has been made, and the lines upon 
which further developments are taking place. 


III. ExPBBIMEKTAL WoRS, KeSBAROH AVD IWBSTIOaTIOV. 

The reader has been warned— or promised, as the case may 
be — that, having traversed the foregoing recital of engineering 
projects which have been executed in India and come to these 
descriptions of scientific investigations, he would find himself in 
somewhat deeper water. This applies, however, mainly to the 
work, desmbed below, which has been carried out in coimeo- 
tion with irrigation problems. The information given regarding 
other ^searches is of as general a nature as that dealing with the 
execution of projects. It is appropriate, too, that the data regarding 
ragation research should be set forth in greater detail than those 
dealiu with subjects such as marine work ; for whereas the former 
are of very general application it is seldom Indeed that deductions 
reached in the investigation of a marine problem can unhesitatingly 
w applied to another case, however many the similarities between 
the two. The range of interest in a marine problem is thus compar* 
atively circumscribed. 


(i) lEBiOATiON : m Bombay avb Sindh. 

j S* ^8^) Director, Central Irrigation and Hydro - 

dynaimo Research Station, Poona, gives the following account of 
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tngation Research carried out in Bombay and Sind since 1916. 
Attention is invited to the highly practical results which have been 
achieved as a direct consequence of the research efforts. The 
experiments carried out with a view to obtaining guidance in the 
safeguarding of the Hardinge Bridge, the operations in connection 
with which have been briefly described in section II, subsection v, 
will, among others, doubtless be read with great interest. 

In 1916 it was found (Mr. IngUs writes) that about 30% of land, 
otherwise suitable for sugarcane in the Nira Left Bank Canal Tract, 
was damaged by water-logging, salt efflorescence, or sodiumization ; 
and that other Canals were rapidly becoming similarly affected; ao, 
as all previous attempts to solve these problems had failed, a Division^ 
called the Special Irrigation Division — was opened. It was found 
that successful drainage depended mainly on the porosity of the sub- 
stratum and so a very simple method of measuring porosities in 
situ was worked out,' It was also found that damage was largely 
due to water from irrigation of high-lying shallow soils finding its 
way under the clay layer of the valley lands, so that water, under 
several feet of pressure, was found in the clay zones. The first 
necessity was a soil survey, and it was found that trained observers 
could judge the soil profiles to a depth of 10 feet with a high degree 
of accuracy, from surface indications, especially weed growth, colour, 

* bloom and texture of the surface soil.' This survey cost 1 anna 
per acre. Working with these plana, land which was unsuitable, 
either because it would be damaged by irrigation, or because its 
irrigation would cause damage to lower-lying lands, was excluded 
from sugarcane irrigation ; and the canal areas were divided 
in(o zones suitable for sugarcane, fruit trees, other perennial 
crops, and two seasonal or * rabi ’ crops ; and each type of crop was 
sanctioned on 6 year permits, in so-called * blocks which were 
sanctioned in units of 1| acres, the whole area having been demar- 
cated into I acre plots, to fit in with the standard 3 year rotation 
usual in the Deccan. 

At the same time land drainage experiments were carried out,^^ 
and it was found that where an outlet to a River, or a large nala, 
was available, drainage was economically practicable, and a large 
part of the areas when drained, was at once reclaimed. Consider. 


* Sombay F.W.D. Tech. Paper, No. 13— ‘ Soil and Subsoil Sim'oya in the 
Deccan Canal Areas ’ by C. C. I^lis Sc V. K. Gokhale. 

s Hid., No. 16 — ‘ Irrigation in block system in Deccan Canal tracts ’, by 
C. C. Inglia. 

3 Ibid., No. 14 — * IroprovemenS of damaged lands in Canal tracts of 
Bombay Deccan * by C. C. Inglia. 

* Ibid., No. 3^—* Land Drainage Experiments at Baramati ’ by C. C. 
Inglis. 

3 Ibid., No. 66 — * Land Drainage in the Deccan Canala Area ' by W. A. 
Evershed, with Note by C. C. Inglie (In Press). 
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able areas, especially those which were sodlumized, resisted reola* 
mation ; and so the question of reclamation had to be taken up, 
and six Bachelors of Agriculture dealt with this work in collaboration 
with irrigation staff. It has been found that practically all lands 
can be reclaimed by the judicious use of Gypsum, in conjunction 
with the growing of suitable crops under irrigation.^ 

Up to 1916 an unknown discharge of water was distributed 
by low-paid staff to an unknown area of crops (with different 
water requirements) for an unrecorded period of time. The result 
was chaos, waste and dishonesty. Steps were therefore taken 
to restrict water by constructing measuring devices ^ and outlets ^ 
of a type which restricted the water supply 

The standard measuring device adopted was the Standing*^ 
Wave Flume but where the bead available was insufficient, — i.e.,^^ 
less than 10% of the depth of water in the channel — Venturi Flumes, 
(loss of bead less than 1% at full supply) have been used. 

The outlet which has been adopted is the Gibb Module,^ 
which has no moving parts, yet the discharge is maintained constant 
within 3%, irrespective of upstream or downstream water 
levels, within working limits, by means of baffles, which come into 
action (when there is excess head available) as a result of free vortex 
flow. All these .devices were adapted and improved after protracted 
experiments.^ 

In 1916 it was decided to remodel the Nira Left Bank Canal 
to pass 50% more water without interfering with irrigation, and 
conditions precluded adding extra spans to the Head Begulator. 
Model experiments were carried out and it was found that the 
coefficient of the existing sluices could be increased from 0*83 to 
1‘93 by adding a bell-mouth upstream and expanding the barrels 
downstream. 

As a result 720 cuseca can now be passed with a loss of head 
of 0*17 ft. as against the previous loss of head of 0*38 ft. when 
only 480 cusecs were flowing — i.e., bead required was reduced 
by 55%, despite 50% increase of discharge,^ and the cost was only 
Bs.5,800 as against B8.20,000 for additional spans^has this been 


^ experiment*! work carried out in the Banunati Bxperi- 

mental Swt Area in eonneotioa with the problem of reclamation of salt affeoted 
Unds in Deccan Canal tracts * (Technio^ Paper under pxeparation). 

• Bimhay P.IT.D, Tea^k^ Paper, No. 16— ‘ Standii^ Wave Flume and 
Flume Meter FaDa * by a C. Tngiu 

^ Ibid,, No. 19 — ^Deai^ of Dletributariee and their outlets* by C. 0. 
Inglis. *' 

\ Standing Wave Pipe Outlets * W C. 0. Inxlis. 

6 Technic^ Paper, No. 13 (clam A)— Punjab P.WJ>. A^mbay T.P.. 
based on experiments, U under preparation. 

I Pa^, No. 26— ‘ ModuJing Distributary 

No. 8, Nto Left Bank Canal* by C. 6. IngUs. ^ 

„ 1 Model ezpte. to increase diecharge of Nira head 

regulator * by C. C. Ihgba and D. V. Joglekar. 
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possible. Existing masonry works were provided with carefully 
shaped approaches and expansions, reducing loss of head to a 
negligible amount.* 

Rock cuts were cither widened or, where more than 15 ft. 
deep — so that widening was impracticable — ,were lined, thus 
reducing the rugosity factor from 0 038 to 0 014.* 

Considerable lengths of the Canal and Distributaries were 
remodelled to the correct, natural, shape* (P»2 07 Q1 ; R=047 
(Q/f)*) (Lacey) where P= wetted perimeter, R= Hydraulic mean 
depth) ; but elsewhere the banks were widened and raised, 
and the channels left to reshape themselves to carry the increased 
discharge naturally — i.e., with widened sections and flattened 
slopes. 

All these modifleations were tested out by means of models, 
and results were far in advance of what was anticipated, both 
as regards efficiency and cheapness. 

Pumping Poona sewage for disposal by irrigation started in 
1918, water and eflluent mixture being distributed as required, 
through twin channels of Distributary 5 of the Mutha Right Bank 
Canal. A Venturi Meter was installed at the head of this channel 
to incasure the Canal water, and standing wave flumes to measure 
the effluent mixture— or water — in each of the twin channels . 
As sewage irrigation was a new practice, the Effluent Experimental 
Farm was opened in 1918 and placed under the Special Irrigation 
Division in 1919. This comprises 63 acres of land. Experiments 
showed that 225 lbs. of nitrogen per year, in the form of effluent, 
was ample to give an average crop of cane ; but to allow for loss, etc. 
the standard was fixed at 300 lbs. per acre per year. Experiments 
showed that effluent was a complete manure and gave an appreciably 
bigger outturn of cane per acre than that produced by standard 
manuring practice, and the land and outturns have been steadily 
improving under effluent irrigation.* 

Up to 15 cusecs of sewage effluent is now received for disposal 
and although Distributaries 3 to 6 and Watercourses 19, 20, 22, 26 
and 27 commanding a total area of 1,500 acres, are now supplied 
with effluent, the area is insufficient ; so experiments are in hand 
to find cane varieties and methods of irrigation to dispose of as 
large a dose of nitrogen as possible. 

A scheme (o) for utilizing the gas generated by the sewage 
to pump the sewage and (6) to dispose of an anticipated increase 
of 50% .sewage supply, partly by irrigation on a new area uncom- 


1 Bombay P.W.D. Technical Paper, No. 20 — ‘ tiodol Expts. to ascertain 
th© effects of partial lining of Malegaon Cut* by C. C. InglU end D. V. 
Joglekar. 

2 No. 42' — * Notes on Flumed Aqueduct ; Remodelling existing Cans! 
or distributaries to pass increased discharge ; Afflux caused by heading up 
water at Regulators ; Velocity distribution in channels * by C. C. Inglls. 

3 ibid.. No. 17— ‘ Effluent Farm (191S-19 to 1925.26) ’ by C. C. Inglis. 
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masded by a Canal, and partly by sludge digestion, and activation, 
has been prepared.^ 

The great success of this scheme has been due to 
irrigaiion and research, having been under a single control. 

The Manjri Drainage Scheme, which drains a large part of the 
Effluent Area, was completed in 1936, and it has been found that 
irrigation with effluent expedites reclamation of land damaged 
by salt and sodiumization. 

Kain and River Gauging was started in the Bombay Deccan, 
in 1902 and was handed over to the Special Irrigation Division 
in 1924. In 1930 the work was summarized,* formula© being 
worked out for maximum doods &om ‘ fan * and * Deccan ’ 
catchments. The former as now modified, is : 


' Maximum discharge in cusecs per sq. mile 


7,000 


where 


A is the area of the catchment in sq. miles.’ 


This formula is of world -wide application and holds for all sizes of 
catchment. The Report also shows the annual run-ofi from 
catchments in graphs. 

In 1927, the Irrigation Development and Research Circle 
was opened with the object of applying results obtained from re- 
search in the Special Irrigation Division to the Deccan Canal 
Systems. 

About this time hydrodynamic questions relating to the 
Lloyd Barrage and Canals Construction began to bo referred for 
solution by model experiments. The moat important problems 
dealt with were : 


(i) Altering the Barrage design 

(а) to give minimum afflux durii^ floods* 

(б) to make the standing wave from Just downstream of the 

Barrage instead of at the end of the apron, where it 
would have set up destructive forces, which would 
have endangered the structure.* 


1 


* Disposal of Poona Sewage Effluent * (Technioal Paper io Press). 

Part I — 'Note on Efflue&t DiatribuUoo. 

M H — Poona Sewage Works. 

in— Composition, analysis, losses in distribution and value of 
effl ue n t as a manure. 

M IV^Water requirements of sugarcane : Esperiments carried 
ont during 1928-34. 

*» V— Plot experiments at the Hsdapsar Effluent Experimental 

Area, 1926-27 to 1933-34. 


* Bombag P.TT.D. Teeftateol Paper, No. 80—* A critical study of run-off 
and floods of oatohmente of Bombay Preudency *. By C. C. Inglis. 

* No. 2 0 * Esmrim^ts with various deeigus of piers sUlg of 
Lloyd Barrage at Sukkur ^by C. C. Inglis and a Q. Hawes. 
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(ii) The exclusion of heavy silt from the 7 Right and Left 
Bank Canals.^ 

(iii) The design of a new type of Eegulator FaU suitable 
for Canals.* 

The most suitable design of piers cut- and ease- waters was 
tound to be ‘equilateral area of circles^; though semi -circles 
were almost as good, and had the advantage that they were better 
where there was cross flow, and were less liable to catch floatinsr 
matter. ® 

The model had full supply discharge of 9*2 cusecs and a vertical 
exaggeration of 7 to 1, baaed on the formula 

Vertical exaggeration a where Q. and A 

are discharge and silt factors of prototype and and of model. 

In investigation (ii), standard methods of regulation were 
compared, viz. ‘Still pond* and ‘Open flow*. In ‘Still pond* 
regulation, the undersluices are kept closed when Canals were open ; 
whereas in ‘ open flow * some undersluices are kept open. Though 
‘ Still pond * running was more successful either method was suitable 
for the Left Bank Canals ; but ‘ Still pond ’ gave markedly better 
silt exclusion from the Right Bank Canals. Predictions were fully 
confirmed when the Canals were opened. 

It was predicted that a silt bank would form along the right 
bank ; and to prevent this, it was proposed that a long vane should 
be constructed upstream of the Canals on the right bank. This, 
alone, would have tended to pull the main flow of the River across 
to the right bank, so a similar vane was proposed for the left bank, 
and the two would have maintained flow free from heavy silt 
along both banks, (Reports not printed). 

This recommendation was not acted on ; it being decided 
to watch results. In the floods of 1936, the River carried an excep- 
tionally heavy charge of bed silt, and the predicted sand ba^ 
formed along the right bank and silt entered the Canals. The 
original solution being no longer possible, experiments to find 
a suitable alternative have been started. 

(iii) When the designs for the Sukkur Canals were being consi- 
dered, it was found that none of the standard Canal Fall designs 
gave satisfactory results. A new type was evolved — ' the propor- 
tional, Standing Wave, Flume, meter fall, with baffle and deflector *. 
— This design, when combined with a Regulator, is cheaper than any 
alternative and was found to be highly efficient in action— even 
where, as a result of scour, heavy retrogression had occurred down- 


1 Bombay P. W.D, Technical Paper, No. 46 — * Silt Exclusion from Canals ^ 
Part I, by C. C. loglis, and No. 46— Ditto. Part U with Appondiocs on the 
design of Models in accordance with the Lacey formula. 

s Ibid-, No. 44 — ^ Dissipation of Energy below Falla ’ by C. C. Inglia and 
D. V, Joglekar. 
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Btreain. It was also a highly accurate meter. Hundreds were 
constructed, and hay© proved highly satisfactory 

The Mithrao Canal in Sind suddenly began to silt as a result 
of changes in the River above the Makhi Regulator. A drop of 
2' 6' into the Canal quickly disappeared and the discharge of the 
Canal began to fall rapidly. Model experiments showed that the 
difficulty could be overcome by constructing an approach channel 
from the outside of a curve of the River, a quarter of a mile 
upstream ; so that top water was drawn, bed water passing down 
the River*. 

In 1931, staff was lent to the Development and Research 
Division in Sind, to assist in carrying out soil surveys on lines 
analogous to those followed in the Deccan — with suitable modi- 
fications. The whole of the area commanded by the Lloyd 
Barrage has since been surveyed *. Some two million acres 
have been classified in detail and, from the results obtained, it 
has been found possible to work out a system of classifying lands 
from surface appearance of the soil, the fiora growing on the soil 
and the texture of the soil down to 3 ft. as ascertained from borings. 
This method of classification can be done at 1 anna per acre. 

A 63 ^tem of observation pipes placed on a regular grid has 
been installed in the whole command of the Barrage and in a large 
area of the non* barrage canab. Regular observations are made 
throughout the year in these pipes and the results of the observations 
are plotted in April and October as contours showii^ the difioronces 
in sub *8011 water table over a 12 months period and as contours 
showing lines of equal depth below the surface. 

Work is now being undertaken to find out the change which 
has taken place in the salinity of the sub-soil water over the x>9riod 
of 5 years which has elapsed since the commencement of Barrage 
irrigation. The indications are that salinity has decreased. 

The soil classification maps showing surface classification, 
wUch were prepared as a result of the woA done by the Research 
Division in Sind, were found to be of great use in connection with 
the preparation of a road construction programme for Sind. 

^ extensive investigation has been made into the possibilities 
of lining canals in order to reduce or eliminate seepage losses and 
experiments on a large scale have recently been carried out on 
the sealing of a canal bed by means of an application of sodium 
carbonate. 


* Bomhaif P.ITJ). r«cAnica{ -Faper, No. 15 — * Standing wave flumes and 
flume ^ter foils . (Now Tecbniool Paper under preparation.) 

« Tecluucal Paper submitted ‘Silt oontrol at beads of Canals and 
Dutnbutanse * by C. C. Inglis and D. V. Joglekor. 

♦ Bomtei/ Bftffinetfing Cen^reM Paper, No. 136, VoL 21— ‘ Subsoil investi* 

zn^ m commanded by the Ueyd Barrage and Con®, 

tructaon ’ by C. O. Hawes. 
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tr ^ L • ^ . Hydraulic Research Laboratory was opened at 

Karachi for testing small models of various structures, and a large 
number of valuable experiments on these lines has been carried 
out In addition to these, some important experiments to 
suggest modifications to pass H.P. discharge through the bridges 
over Durani and Habib Nailas near Quetta in Baluchistan were 
carried out at Karachi. These experiments were taken in hand 
on the recoramendatioo of a Committee of the Central Board 
of Irrigation on behalf of the Baluchistan Public Works Depart* 
ment. As a result of numerous experiments, modifications to suit 
each case were proposed, 

Owing to a cloud burst, au unprecedented flood occurred 
in the Khari River, Palitana State, as a result of which more than 
400 people were drowned. It was found that the high flood level 
was due to a standing wave forming, which caused about 2 ft, 
afflux upstream. This was eliminated at small cost, by removing 
a lime kankar ridge in the bed, and a Bridge was designed to pass 
a maximum flood with negligible afflux. 

Deccan Canal administration had been seriously interfered 
with for many years as a result of heavy weed growth {VaUismria 
spiralis ; Potamogtlon ptciinatus and F, p^rfoliatus) It was 
found that in Canals in which there was considerable silt in auspen* 
sion, weed growth was small, and vict vtrsa ; and so it was recom- 
mended that water should be fluctuated in the Pick-up Weir 
Basins at the beads of Canals to stir up silt as far as practicable. 
A protracted investigation, carried out in the field and laboratory, 
showed the relative effects of various factors on weed growth, light 
exclusion by sUt, velocity, etc.— >but the main point established 
was that water weeds can bo killed off by suitably timed canal 
closures^. As a result, water weeds have been eliminated from 


1 Bombay P.W.D. Tteknical Pap^r, No. 27—* Bi™rimoaU with modob of 
Culvorta made with Hume Pipee* b 7 C. G. Hawes, H. S. Kahai and C. C. Ingtis. 

2 Ibid., No. 31 * Experiroente with a model of Plumed Regulatore by 0. 

O. Hawce and H. S* Ifahai with a Note by C. C. Inglia. 

3 Ibid., No. 32 * Erperimenta on a model of the Bifurcation of N.W. 

Porermial Canal at the Head of Warab Branch ' by C. O. Uawea and H. S, 
Kahai. 

4 Ibid., No. 33 ' Experiment® on a model of «ypbon for N.W. Railway 

by O. G, Hawes and H. 5. Kahai. 

s Ibid., No. 34 ' ExperimenU on a model of Makhi Right DIety. ex 

Mithrao Canal,* by C. O. Hawee and H. S* Kahai. 

9 Ibid., No. 35 * Testing various type® of radial gates ’ by C. 0. Hawe®. 

7 i^id.. No. 30 * ModeU of standard vortical gate® adopted in Lloyd 

Barrage and Canals Constn.’ by C. G. Hawes. 

s Bom. Eng. Congrus Paptr, No. XLVIll — ‘ Some Factors affecting the 
design and working of Deccan Canals ’. 

» Technical Paper ready. — ' Factors affecting the growth of water 
weeds in Canals and methods suiUblc to prevent growth * by C. C. Ingli® 
and V, E. Gokhale. 
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all the Deccan Canals except the Mutha Bight Bank Canal, 
cannot be closed on account of its being the source of Poona Water 

the end of 1934, the Superintending Engineer, Deccan 
Irrigation Circle, was called in by the Hardinge Bridge Committee 
to carry out model experiments and report on measures required 
to safeguard the Hardinge Bridge across the River Ganges, on which 
nearly a million pounds had been spent, on repairs, during 2 years. 

Five different sets of experiments were carried out 

(i) Pier experiments, to determine the laws governing scour 

round piers, with (o) axial and (6) cross flow ; and the 
best way to protect piers against scour. 

(ii) Falling apron experiments to determine the way in which 

an apron, laid flat, launches under axial and curved flow 
conditions, when laid (a) on sand, and (6) on clay layers. 

(Hi) Experiments to determine the critical side slopes of 
pitched banks for atones of different shapes ana sizes, 
and the final slope which the stones take up after 
launching under axial and curved flow conditions. 

(iv) A large-scale model to determine the exact conditiona 
when the Guide Bank slipped — in order to devise steps 
to prevent a recurrence 

(v) Models of the River Ganges for the reach from Sardah, 
40 miles above the Bridge to below the Gorai River, 16 
miles downstream. The smaller model, called the pilot 
model, bad a discharge of one cusec, a horizontal scale 
of 1/2000, and vertical scale of 1/200,— vertical exaggera- 
tion being 10 to 1. The large model, which is 600 feet 
long, has a discharge of ten cusecs, a horizontal scale of 
1/500, and a vertical scale of 1/65 — vertical exaggera- 
tion being 7*7 to 1. 

Thirteen series of experiments have so far been carried out 
with the large model, 10 before the Hardinge Bridge Committee 
issued their J&port These, tak n in conjunction with experiments 
(ii) to (iv), showed that the conditions wlHch led to the breach were 
due to severe action caused by the Sard a Guide Bank, 19,000 feet 
upstream of the Bridge on the left bank, accentuated by the 
Damukdia Guide Bank, 11,000 feet upstream of the Bridge on the 
right hai^. These Guide Banks turned ^ high velocity, kinetic 
energy ^ into fiercely-eddying, surging flow, which cut away the 
toe of the Right Guide Bank, and so caused a serious slip, which 
later developed into a breach. 

Alternative methods of reducing the attack were compared 
by model experiments, and the Committee decided, as a result, 


' P.IF.Z). T'eeAfttooI Paper, No. 56— ‘ Model investigationa to 

S ro^t Herdinge Bridge, over lUver Oenvee, Eastern Bengal Bailwav ' 
y C. 0. Inglis and D. Joglekar. 
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to remove the stone from the Sara Bank, in order to reduce attack 
rbjs has proved successful. Reports on (i) to (iv) are under prepara- 
tion ; and Technical Paper 55 ‘ deals with the first year’s experi- 
ments with the large model. 

At the present time the following Specific ezperimenU, in addi- 
tion to the Hardinge Bridge work, are in hand 

(i) Training the Sarda River above the Banbassa weir at 
the head of the Sarda Canals, U.P. 

(ii) Prevention of scour downstream of the Sarda Barrage. 

(iii) Further experiments with the Sukkur Barrage Model 
to determine steps necessary to exclude silt from the Right Bank 
Canals, now that a silt bank has formed along the right bank. 

(iv ) Experiments to determine the protection necessary for the 
Waste Weir of the Spin Karex Reservoir near Quetta, Baluchistan. 

(v) Experiments to exclude silt from the Faiz Wah Regula- 
tor, Khairpur State. 

(vi) Experiments to exclude silt from Canals in Madras. 

(vii) Experiments to protect pavements downstream of anicuts 
and re^lators in Madras. 

(viii) Design to increase discharge, and reduce afflux, of 
Knshna Right and Left Bank Head Regulators in Madras. 

(ix) Training the River Jumna at Delhi. 

(x) Prevention of scour downstream of Godavari Right 
Bank Head Regulators (Bombay). 

(xi) Experiments to pass maximum fiood over a high-coeffi- 
oient Weir, designed to store maximum possible amount of water 
at Lake Arthur Hill. 

(xii) Experiments to prevent damage to the Sina River 
causeway. 

(xiii) Experiments to train Mala River at Rahuri. 

(ziv) Experiments to prevent scour downstream of Aqueduct 
3, Girna Canal. 

(xv) Training Nalas upstream of Aqueducts 6 and 12 of the 
Nira Right Bank Canal. 

In addition to the above, the following Baeic experiments 
are in hand : — 

(xvi) Bed movement of various types of silt under controlled 
conditions. 

(xvii) Meandering of Rivers. 

(xviii) Laboratory experiments into factors affecting losses 
from Canals. 

(xix) Experiments with Standing Wave Flumes to ascertain 
effect of: — 


I Bombai/ Technical Paper, No. 66 — ‘Model inveetigations to 

protect Hardinge Bridge, over River Ganges, Eastern Bengal Railway ' 
by 0. C. Inglis and D. V. Joglekar. 
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(0) velocity of itpproach, 

(6) depth upstream of hump on coefficient, 

(c) position of upstream gauge, 

(1) length of flume, 
and (c) slope of glacis. 

(xx) Venturi Flume experiments. 

(xzi) The determination of factors affecting expansions 
downstream of Falls, Standing Wave Flumes, and Venturi flumes, 
to work out rules for designing such expansions. 

(zxii) Experiments with a modified design of Crump 
Adjustable Proportional Semi«module. 

It is estimated that the saving which has been effected by 
research on the Lloyd Barrage and Canals Construction exceeds 
Rupees 60 lacs and in the Deccan exceeds Rupees 40 lacs. 

The success of the work has been due, to a large extent, to its 
being directed by officers who had had long experience of field work 
before they started research so that they were able to visualize 
problems with which they had to deal and, through exact knowledge 
of field conditions, were able to eliminate unnecessary work. 

(ii) — I rrioatiok : ik the Pgkjab. 

Dr. Mackenzie -Taylor, Director of the Punjab Irrigation 
Research Institute at l^ore, gives under five beads, a to e. below, 
a most illuminating account of research work of a very varied 
nature carried out by him with the assistance of Dr. N. K. Bose 
and Mr. J. K. Malbotra. Dr. Maokenzie-Taylor'a treatment of 
his subjects is broad and he gives a clear idea of the relationship 
between investigations which have been carried out in India and 
those which have originated in other countries. 


(a) River Model Bxperimente 

Introduction of models for the solution of many intricate 
Introduction problems in engineering has seen the advent 
of an era of rapid development. Probleme 
in which the interaction between forces is so complex that no 
mathemarical solution is possible, but such problems of immediate 
practical importance have yielded their secret to model experiments. 
Most conspicuous has been the success of models in the fields of 
aerodynamics and ship-building. The theory and technique of 
su^ experiments have been developed to such a high degree of 
perfection that not a steamship or aeroplane is put in action 

without its mod^ having been fully tried in tanks or wind-tunnels 
pieviowly. This is particularly true in the development of the 
which, apart from the high cost of full scale experiments, 
IS attended with great danger to the life of the pilot and the maobine. 
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This unprecedented development has mainly been achieved by 
closest co-operation between theory and experiments on models. 
In the aerodynamic laboratory of Prof. Prabdtl in Gottingen 
models play a very important part in unravelling intricate fluid 
movement, in building up theories such as ‘ Tragflugel Theorie \ 
' Grenzschicht Theorie \ and Turbulence Theory. All these theories 
had their origin in some problem connected with aeroplane move- 
ment and ultimately have succeeded in making aeroplanes what 
they are to-day. 

Another field in which models can and have played important 
part is ' Sub-soil Hydraulics Here also theory and experiments 
have worked together and succeeded in evolving a practical method 
for the purpose of designing weirs on sand foundations. 

The use of models has also been fairly frequent in certain 
fields of hydraulics. Experiments of Bazin and Darcy on models 
of falls and weirs are well-known. 

In river models M. Fargue, Osborne Reynolds, Vernon-Hercoort 
and Engel were the pioneers. M. Fargue in France appears to have 
been the first to construct, in 1875, a model of the river Garonne 
between Bordeax and the sea, to devise means for training works. 
Though the scales of the model were such that the scale of distortion, 
scale of discharge and the time scale were all arbitrarily chosen, 
the indications shewn by the model were very valuable. 

In 1885 Prof. Osborne Reynolds of the University of Manchester 
instituted a series of model experiments on the upper estuary of 
the Mersey. The results were so satisfactory that Beholds 
concluded his paper with the statement : * These experiments 
shewed that the characteristics of the real estuary reproduced 
themselves in the model after a corresponding number of tides *. 

In 1886 Vernon- Hercourt constructed a small tidal model of 
the estuary of the Seine betweeen Rouen and the sea. 

AU these experiments by Fargue, Osborne Reynolds and 
Vemon-Hercourt showed that qualitative agreement could be 
obtained between the model and the river if sufficient precautions 
were taken. But quantitative agreement could not be obtained 
by the experiments as sufficient investigations had not been under- 
taken to find the effect of the size and density of the bed matcrmls. 
Before Engels took up these experiments in Germany and Freeman 
in America, though conviction was gaining ground that smaU scale 
river models properly conducted could give valuable indications for 
training of the river, yet the theoretical backgrounds were not 
sufficiently clear, nor was sufficient experimental evidence available 
to base any theory. Since then experimenters in Germany, England 
and the United States of America have accumulated sufficient 
experience to build up a wor^g theory. 

The success of a model depends on the truthfulness with which 
it can reproduce all the conditions of the proto - 

Theory type. A completely successful model is one 
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that will preserve the geometrical similarity with the prototype, 
(i.e., it should be an exact miniature copy of the prototype), that 
will preserve the dynamical similarity with the prototype (i.e., 
all e^eds in the model should be so related to those in the original 
that all pairs of corresponding forces in model and prototype, 
whether due to gravity or called into play by the motion, shall 
be in tbe same ratio). 

There is a number of problems in hydraulics in which it is 
possible to preserve both the geometrical and 
dynamical similarities in the model. Such 
^ m a ty problems of flow over weirs, spill* ways, 

undersluices and falls. During recent years much work has been 
done on such models and the comparison with full scale results 
shew that if suitable precautions are taken tbe model gives reliable 
indications of tbe behaviour of tbe original. 

In these models, and as a matter of fact in all models, precau* 
tions must be taken not to select the linear 
^rSerion* scale of the model so small that the resulting 
movement becomes laminar as the flow in most 
of the hydraulic problems in which models are used is certainly 
turbulent. It is well-known that two distinct types of fluid move- 
ments are possible. It was first experimentally proved by Keynolds 
and can also be deduced theoretically that a function of the three 
hydraulic constants of flow— tbe average velocity v, a representative 
length I and the Kinematic viscosity y ^ Viscosity/Density— can 
be framed so that this non-dimensional number called after Keynolds, 

the Beynolds’ Number, ^ — will completely characterize the 

fluid movement. The transition from the laminar to the turbulent 
stage usually occurs at a certain value of the Reynolds’ Number, 
though this value can fluctuate between wide limits depending on 
the initial conditions of flow. In a pipe this transition occurs 
usually at a value of the Reynolds’ Number 

R ,^2100 

and in canals at .^.^525. 

Once tbe turbulent flow sets in it will persist for all higher values 
of and then the effect of friction will be less and less felt, and the 
inertia forces will come to predominate, so that the resistance to 
flow be^mes proportional to v*, viscosity ceases to have any further 
modifying effect on the lines of flow away from the boundaries. 

It is of course self-evident that movements in these regions 
of flow are absolutely different so that nowhere in a model should 
la minar flow take place. So that the first condition is to have 
the size of the model such that the Reynolds’ Number of the model 
^ turbulent region. Though it is Imown from Prahdtl 
and Nakur^ses’ Experiments that the effect of R, on the friction 
CMfficient in the turbulent region varies with the increasing value 
of from the fact that the Re 3 mold 8 ’ Number for the model 
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IS smaller than that of the prototype, the scale efiect due to this 
factor IS not very important if the viscous or skin-friction is negligible 
and the Reynolds’ Number for the model itself is high. 

Further efiects of friction being practically eliminated from 
Froude’s Law turbulent flow, the fluid can now be treated as 

perfect and requires only a consideration of 
gravity. The law that governs this kind of fluid movement with 
a free surface is known as Froude’s Law. This law states that if 
v„ be the fluid velocity in the model and Vp the corresponding 
quantity in the prototype then 

Jp “ “ \/lainmar scale ratio of the model. 

* vr 

where and A, are the corresponding distances in the model and 
the prototype. So that if 




length in the model h, 

length in the prototype ~ h. 


then V » ^ » 'Y/J 

_ Qj, Discharge in the model 

Qp Discharge in the prototype 

There are many problems in hydraulics in which it is not 
D ml I possible to preserve both the geometrical and 

sfmflariV dynamical similarities in the models. These 

problems are mostly concerned with the move- 
ment of silt in water. In these problems, as the dynamical stand- 
point is the more important of the two, very often it is necessary 
to sacrifice geometrical similarity. Such problems generally 
occur in river models where to reproduce the depth in the same 
ratio as the length would either make the model too long for it to be 
accommodated in the limited space of a laboratory, or the depth 
in the model would be so small that the velocities would be below 
the critical values for silt movement and the Reynolds* Number 
would not be sufficiently high. So that with such models geometrical 
distortion is adopted in which the vertical scale is different from 
the horizontal scale ratio. This distortion in the scale gives a 
steeper slope in the model than in the protot3q)e and helps to make 
the silt move on the bed of the model. There are various methods 
for fixing this distortion scale, but it is not necessary to go into 
details about them here. 

The next step is to determine the discharge scale, the silt scale 
and time scale. Though the discharge scale is provisionally 
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fixed by Froude's Law, more det&Oed experiments are necessary 
to fix it more definitely. Silt in the model should be chosen in 
9Uoh a way that with the distortion provided in the model tho sUt 
should start moving in the model at the same stage as it occurs in 
the prototype. The moat diffi cult point in river model experiments 
is to fix the scale of time, i.e., to find the length of time for which 
the model should be run so that certain chants will be reproduced 
in the model which occurred in a certain time in the prototype. 
This is an important scale which must be determined before the 
model can be of any practical use. 

Having thus briefly stated tbo various principles on which 
river models are now generally run in European and American 
laboratories, reference will now be made to the development of 
these model experiments in India within recent years. 

Though India is a country of mighty rivers, very little had been 
done here by way of experiments in laboratories on river models. 
Only in recent years have some experiments been conducted at the 
Hydro 'dynamic Research Station at Khadakvasla near Poona and 
at the P^jab Irrigation Research Institute, Lahore. 

These experiments were conducted at Khadakvasla with 
a stretch of about three miles of the river 
Experlmeou Indus at SuUur in which the full width of the 

Sukkup Barrage and a short distance 
Sukkur Barrage downstream of the barrage was modelled to 

a scale of 

1/300 in the horizontal scale, 

1/36 in the vertical scale, 

giving a distortion of 8*33. The maximum discharge of the river 
that was modelled was 507,770 cu./sc. and 355,670 ou./^o. 
respectively. 

These series of experiments on this model were instituted 
to see how the river will behave after the barrage is constructed 
and also to see the relative merits of the two systems of river 
M^atioQ, the open flow and still-pond system. Local silt was 
injected from time to time and contours of the bed of the river 
were taJcen after each run and silt samples were also collected ftom 
the Right Bank and X^eft Bank canals. 

A model of the river Sutlej upstream of the Islam Weir at Pallah 
was constructed in the Hydraulic Laboratory 
on Punjab Irrigation Research Institute 

Sutlej upstream Lahore on a scale of 
of the Islam Weir 1/1000 in the horizontal scale, 

1/100 in the vertical scale, 
with a distortion of 10. 

The river Sutlej at Pallah approaches the Islam Weir at such 
an angle that paxt of the approach to the weir between the guide 
banks is blocked by a high-level hard bela (an alluvial deposit 
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Experiments 
on the Ravi River 
pocket at the 
Madhopur Head* 
works 


covered over with stubborn plant growth) so that the local officers 
find it very difficult to feed the right bank canal, The object of 
these experiments was to devise means for removing this beta 
and for preventing its future formation. 

Various devices were tried and the following device seems to be 
successful in the model. An artificial bela 600 ft. long was cons* 
tructed upstream of the noses of the guide banks. The bela was 
triangular in shape with one side parallel to the Right Guide Bank 
and the angle between the two sides facing the current was 25®. 
This bad the effect of scouring the old btla which was made semi- 
erodable in the model. It is proposed to try this on a bigger 
sized model. 

The experiment on the River Ravi pocket at Madhopur Head- 
works of the Upper Bari Doab Canal was 
conducted at the River Model Station at Malik- 
pur of the Punjab Irrigation Research. This 
model was constructed on a hori 2 ontal scale 
of 1/30 and a vertical scale of 1/10 with a 
distortion of 3. 

There is a considerable entry of big boulders and shingle in the 
Upper Bari Doab Canal from the River Ravi. The object of this 
experiment was to devise means for preventing the entry of boulders 
and shingle into the canal. As quantitative data were not available 
about boulder and shingle entry in the canal in the prototype, 
it was not possible to fix rigidly the silt scale. But it was found 
that the model reproduced faithfully the distribution of shingle 
varying from a size of 1 inch to 1/5 inch io the various bays of the 
canal regulator. It was found that a ramp consisting of shingle, 
boulders and sand and clay forma before the advanced sill of the 
canal regulator in the protot 3 rpe and this ramp was responsible 
for the entry of shingle and boulders into the Canal. Even if this 
ramp were removed by manual labour it would reform in the 
next flood season. It was found in the model that by putting in, 
at the sill level, a platform of a length equivalent to 16 ft. 
prototype all shingle entry in the model canal was stopped. This 
platform will now be built in the prototype and its effect observed. 

The experiment in connection with the Haveli Project of the 
Chenab River is being carried otit at the River 
Experiment on Model Station at Malikpur of the Punjab 
Irrigation Research. This model has been 
a r mmu constructed on a scale of 1/300 horizontal and 

1/40 vertical with a distortion of 7*5. A total length of the river 
of about 6 miles, of which about 4 miles is upstream and 
2 miles downstream of the proposed weir site, has been modelled 
in sand. At the upstream end of the model the River Jhelum 
joins the River Chenab and as the supplies of water and silt in 
these two rivers are very different both the rivers had to be included 
in the model. 
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Tha object of this experiment is to find how the river will 
react to the construction of the weir above it. Incidentally the 
model will show the best position of training works and guide 
banks so that the approach of the river to the weir may be straight. 
The maximum discharge for which the model had been prepared 
is 8*6 cu./sc. which corresponds to 650,000 cu./sc. in the prototype. 

The experiment on a part of the Timmu Weir including a few 
bays of the Weir, the left undersluiccs and the 
canal regulator is also being carried out at 
e mm River Model Station at Malikpur. The 

model bad been constructed on a horizontal scale of 1/50 and a 
vertical scale of 1/25 with a distortion of 2. It includes a stretch 
of the river 1} miles upstream of the weir site and \ mile down* 
stream. Only the left bank of the river, with the left guide bank, 
has been included in the model. The object of this experiment 
is to find 

(1) the best shape of the weir piers and groynes so that 

there will to least afflux upstream and least scouring 
action downstream of the weir ; 

(2) the length and shape of the guide bank ; 

(3) distribution of silt in the river pocket and the canal 

so that methods of controlUng silt entry into the canal 
may be devised. 

The model includes only 700 feet width of the weir and a 
discharge of 171,000 cu./sc. which corresponds to 27 cu./sc. in 
the model. 


(6) The Hist of tkt Sub-Soil Waier Table with the introdveiton of 

irrigation. 

the Punjab, the development of an irrigation system is 
invariably follow^ by a rise of the water-table. During recent years 
investigations have been conducted to determine the causes of this 
rise 80 that measures might be taken to control it. 

The data used in these investigations have been collected over 
a long series of years and consist of well -levels, taken in June and 
October, rainfall in the irrigated areas, canal and river discharges 
and measurements of seepage from canals. 

The sources and the methods of abstraction and reduction of 
the data have been described in Memoirs of the Irrigation Research 
Institute, Lahore. A brief summary of these is given here. 

The wells under observation are situated about 6 mUes apart 
WelNlevels running at right angles to the general 

slope of the Doab. The distance between 
observation wells on a line is approximately 4 miles. The observa- 
tion wells are fitted with measuring plates. Readings are taken 
twice a year, in June and October, of the depth to the spring level 
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below the natural surface. In the case of the Upper Chenab Canal 
the records are available from June, 1907, in the registers now 
maintained by the Drainage CSrcie. 

The June readings are preceded by several months of low 
rainfall, and must therefore correspond to a more stable condition 
of the water-table than those of October, which are taken just 
after the monsoon rains. The monsoon rains usually start in July, 
end in September, and are variable in amount. In the following 
investigation both sets of readings have been utilised, though the 
regression curve is calculated only on June readings. The reason 
of this differentiation lies in the fact that the difference between 
successive June readings is more likely to give a true index of the 
permanent annual rise than the difference between the October 
readings, which must be influenced by the monsoon immediately 
preceding. 


Rainfall There are rain*guage stations in the areas 

commanded by the canals. These are read dally 
and a record thereof is kept in the Circle Offices. 

Discharges of the canals are observed daily. From these and 
Irriaatlcn water consumption diagrams in the annual 

^ blue books, which are used as a check, the 

amount of water utilized and absorbed per day in the gross area 
commanded by the canals is obtained. 

Areas figures for the gross areas commanded 

in the various years are taken from the blue 

books. 


The methods employed in reduction of the above data for 
calculating a regression curve are the foUowing 

(а) Rise in spring-level . — This is obtained from each well, 

by taking the difference between the successive June 
readings. The wells are then weighted according 
to the area represented by each. Their weighted 
mean is taken as the average rise over the gross 
commanded area in the given year. This is the 
change in depth or * Ad 

(б) Rainfall.^A& only eleven of the sixteen rain-gauge 

stations had a long continuous record, these were 
selected for examination. The readings of each of 
these eleven rain-gauge stations are calculated for 
successive five-day periods. The area represented by 
each station is ascertained by drawing rainfall 
contours, and the ratio of this area to the gross area 
commanded is taken as the corresponding weight. 
The weighted means when calculated give 73 values 
for the average rainfall in successive five-day periods 
in each year. 

(c) Irrigadon . — The daily discharges utilized are summed 
for each of the five-day periods and the totals are 
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divided by the gross commanded area and multiplied 
by a factor to give the depth in inches of the five-day 
irrigation load. As the irrigated area lies more or 
less in a chess board fashion over the gross com- 
maoded area, the assumption involved in the above 
calculation, viz. that the water utilized is spread 
uniformly over the gross commanded area, is seen to 
be reasonable. 

(d) Slow Changes . — The movement of the water-table in any 
one year has two components. One is a long period 
movement probably due to the cumulative effect of 
rainfall and irrigation loads in the past. The second 
is the short period or annual movement which results 
from the fluctuations from the mean quantity of 
water added to the water-table in a given year. The 
former is known as the * Slow Change 


It is difficult to separate the two compooents of water-table 
movement except by making somo mathematical or 
physical hypothesis as to the nature of the slow changes, 
itsber in 1922 originated the polynomial method, which 
assumed that the slow changes varied with time so as to 
be expressible as the sum of a limited number of terms 
involving ascending powers of time as a variable. This 
method is very useful but has the weakness that it gives 
too much prominence to the end points. 

The second method is based on a physical law, which assumes 
that the changes in the water profile of a tract subjected 
to an increased water- load must follow an exponential 
series. This fits most of the data with considerable 
accuracy but cannot bring out the effect of a succession of 
dry years, for the reason that they should show up as a 
negative term in the slow changes and the exponential 
terms can never become negative. 

Yet another hypothesis waa put forward by Mr. Wilsdon 
in a communication to the legation Department in 1931. 
He modified the exponential method, introducing a new 
term varying with the rate of rise. But this method is 
also handicapped by the same disability as to the negative 
terms. 

For the investigation of the Upper Chenab Canal the polyno- 
mial method has been adopted. 

^ The five-day values of Irr^ation (/), and Bainfall (^), are then 
lurther reduced so as to give the distributioD variates ‘ a in 

each case. The methods used in this portion of the work have been 
given by Wilsdon and Sarathy. 

^e veluM of Ad, after correcting for slow changes, are 
correlated with the distribution Tariates for rainfall and irrigation 
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separately. The indices M (Multiple Correlation), A (Percentage 
\ aria nee) and P (Probability’ of Kandozn Sampling) are evaluated in 
tlie usual manner : and the mean monthly regressions are then 
computed, giving the regression curves of d on rainfall and irrigation 
separately. 

The investigations have shown that the main cause of the 
additions of water to the water«table is the monsoon rainfall, 
Tile correlation between the rise of water-table in the period June 
to October and the monsoon rainfall is high. The natural October 
to June fall in water-table can deal with certain additions of water 
to the water-table, but under present conditions this fall is incapable 
of dealing with the whole of the monsoon rise except in years of 
low rainfall. 

There appear to be two methods by which it may be possible 
to prevent the permanent rise of the water-table : — ]a) the cons- 
truction of seepage drains to remove water which has been added 
to the water-table, and (h) the prevention of the addition of water 
to the water-table by taking measures for the rapid surface removal 
of the rain-water before it has time to enter the soil. 

Before a seepage drain can be effective it must cut the sub-soil 
water-table at the lowest point of its annual cycle of rise and fall. 
In large areas where the water-table is rising this would necessitate 
very deep drains which would be extremely costly to construct 
and maintain. In an area of rising water-table which is not already 
waterlogged, seepage drains do not appear to be a practical solution. 
^Seepage drains may be a cure for waterlogging, but cannot control 
the rise of water-table in the pre -waterlogging stage. 

The rap id -removal of the rain-water soon after precipitation 
has occurred appears to be the most feasible method of dealing with 
tlie rise of water-table. If storm -water can be rapidly removed from 
the soil surface by a system of storm water drains it follows that this 
water will not be added to the water-table. Storm -water drains, 
since they deal with surface water, need be of no great depth. 
The cost of construction and maintenance therefore will be 
small. Following on the construction of these drains, since it has 
been shown that natural agencies are acting to control the water- 
table during October to June, it is anticipated that a natural fall 
in the water-table will take place. It has been shown that for every' 
inch of rain removed from the soil surface, a reduction in the rise of 
1*5 inches will occur. It seems possible, therefore, that storm -water 
drains can be constructed to deal with such an amount of surface 
water that the rise in water-table taking place during June to 
October may be reduced to such an extent that the natural October 
to June fall will more than counterbalance this rise. In other 
words, the removal of storm -water may result, not only in preventing 
a permanent rise in water-table, but also in securing a fall of the 
water-table from June to June. The construction of storm -water 
drains is recommended, therefore, as the method which is likely to 
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secure most economically the control of the water-table and afford 
a cvre for waterlogging. 


(c) The laios of sub90xl flow undtr works on permeable foundations. 

The subject of subsoil flow can be divided into three Parts : — 

1. Pressure observations on actual works, which failed or 

are still standing, and the experiments carried out in 
the field on or near such works to determine the 
reasons for their failure or stability. 

This may be called the Fjbld part of the subject. 

2. Observations on models of the works, and other experi- 

ments carried out in the laboratory to study the 
behaviour of the porous medium underlying a weir, 
when subjected to subsoil fiow. 

This may be called the Laboratoby part of the subject. 

3. Attempts to analyze the results obtained In (1) and (2) 

by formulation of empirical or reasoned hypothesis. 
This may be called the Theobbtioal part of the 
subject. 

jTield.^The earliest known pressure observations in India 
seem to be those for Narora weir of the Lower Ganges Canal in 
which pressure pipes were inserted. 

The pipes were fixed on 27th March, 1898^, and three days 
later there was a breach in the weir. 

The pipes were actually read only on the day preceding the 
failure 

In 1916 some extensive observations were taken (by the 
Executive Engineer, Ballot, now Sir J. B. G. Smith, retired 
Chief Engineer) on pressure pipes in the Balloki weir floor to find 
if the floor as existing at that time was safe against uplift 
Some of these pipes are being observed even now. 

The only known case of field experimentation is that of Dugri 
I and Jauryan siphons on the Upper Chenab Canal, which were 
studied by Khosla from 1926 to 1929. These siphons had been 
giving trouble and Khosla studied the concentration of flow near 
the toe of the impervious floors by inserting pressure pipes at 
points downstream of the toe, and by driving them to various 


L A. K. — * Stability of wein and canal works.* Procudinge of 

the Punjab Bngine^ng Congress, XVUl, pp. 19&.196, (1930). 

t Lane, E. Security from seepage under masonry dams on sand 

foundations.* Pros. Amor. Soe. O. B., p. 1237, (1934). 

^ Khosla, Stability of wein and can al w orks.* Paper No. 142, 

• Proceedings of the Punjab Engineering Congress, XVm, p. 212a, (1930). 
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depths after certain intervals. He also inserted pipes under the 
floors and observed the pressures recorded by them 

Pressure observations, which subsequently proved of great 
interest were obtained from Panjnad weir of the Sutlej Valley 
Project. The pipes were inserted in the year 1930-31 » and the first 
series of observations started on 18-4-1932, the third and final 
series being completed on 11.1.33*. 

Pressure pipes were inserted in various bays of the Khanki 
weir by the late Mr. H. W. Nicholson, before the flood season of 
1932 (as a preliminary to the reconstruction which was carried out 
in 1934 and 1935). Serious damage to some of the bays of the 
weir was caused by ‘ piping ’ in July and August, 1932, and the 
conclusion was confirmed by the pressure pipes, which showed 
practically no resistance below the crest 

More recently pipes were inserted in the Islam weir of the 
Sutlej Valley Project to study the causes of the formation of the 
springs below the weir. The first readings were taken during the 
cold weather of 1936 and are being continued. 

The other weirs in the Punjab which are equipped with pipes are 
Sulemanki and Marala. Sulemanki is however reported to have 
a clay substratum into which the piles have been driven^, and 
the pressure observations are of little more than local interest. 
Marala was fitted at the time of its recent reconstruction in 1936. 

The cases of weirs for which no pressure observations are 
available — whether they did or did not fail— have not been included, 
as while valuable evidence can be obtained on isolated points, the 
help given thereby to the general development of the subject 
is meagre. 

Bzptrimente . — The experimental work had divided itself into 
two branches. The first one deals, by means of small size hydraulic 
or electric models, with the measurement of uplift pressure at 
various points of the structure and of pressures at points in the 
underlying porous medium. The second includes large or small 
scale experiments on the velocities of subsoil flow and is connected 
with the stability of the sand through which the flow takes place. 

Both the branches have a common basis, where the tracing of 
the lines of subsoil flow is concerned, in that the concentration or 
dispersion of these lines is believed to give a measure (visual or 
otherwise) of the changes both in pressure and velocity. 


1 KhoBla, A. N. — * Hydraulic gndietxit in subsoil water fiow in relation 
to stability orstruct\ire8 resting on saturated soils.’ Paper No. 138. Proceed- 
in^s oJ(h*Pur^jab En^imerin^ Congress, XVUI, pp. 140-141. (1930). 

s Khosla, A. N.— ' Pressure pipe observations at Panjnad weir.* Paper 
No. 162. Proceedings oj the Punjab Engineering Congreee, XXI, pp. 52-54, 
(1933). 

S Khosla, A. N. — ' Eeconatruction of the Khanki weir.* Paper No. 195, 
Proceedings oj the Punjab Engineering Cemgress, XXIV, p. 109, (1936). 

t Kanwareain. — Discussion on P. E. C. Paper Xo. 142. (See Reference 
9, p. 535. page 2125, 1930.) 
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(i) IAm of Rehbock, about the year 1929, seeme to 

have been the first to attempt to obtain these 
Hydraulic allowing aniline dyes to flow from one 

Models model to the other. Three photo* 

napbs of the lines obtained by him were included as an appendix 
to P E.C. paper No. 162 (see Reference 2, p. 636) and a fourth 
showing the lines for a floor with equal piles at heel and toe is also 
given in another paper All these show a certain amount of dye 

diffusion. , . 

Mckenzie Taylor and Uppal * developed a superior technique. 
They saturated the subsoil sand with a solution of potassium 
chromate and introduced, at selected points along the upstream sand 
layer, a number of pipes through which a solution of silver nitrate 
could flow into the medium. The interaction of the two chemicals 
left a red precipitate of silver chromate along the lines of flow, which 
could be seen and photographed from the glass front of the experi* 
mental tank in which the model was placed. By gradual improve- 
ment of the method, very sharp lines were obtained. 

By this method they traced the lines of flow round floors 
having the following types of foundation profile • : — 

(i) Horizontal floor, (ii) Vertical sheet pile, (iii) Semi* circular 
base, (iv) No. i with an upstream pile, (v) No. 1 with upstream 
and downstream piles, (vi) No. iv with an upstream apron, (vii) 
No. V with upstream and downstream aprons, (viii) No. i with 
coarse foundation material, (ix) No. i with defective contact at 
heel, (z) No. i with downstream piles, (xi) No. v with piles 
reversed, (xii) No. i with pressure relief pipes, (ziii) No. v with 
pressure relief pipes. 

Later they traced the lines of flow under Bays II and IV of the 
Khanki weir*>*, and under a number of other models of actual 
weirs. 

More recently Uppal and Musbtaq Ahmad ^ have developed 
an apparatus in which a thin celluloid model of the work is inserted 


^ Kehbock, 'ni. Von.—* Sicbe^assetbewegung im Brdieioh.' Proc, Inl, 
OommMon on High IXtms, V, p. 65, (1S33). 

* Mokenxie Taylor, S. sud Up^, H. L. — *A Study of the flow of 
water under works on sand foundations by means of models.' Proc€edinff4 
0 / iA« Punjab Snginstring Congress, XXH, pp. Sl'-TS, (1934). (Baprinted as 
Punjab Irrigation ReMaioh Institnte PubUoation, Vol. n, Ko. 3.) 

9 The last three forms are deeoribed in a second part of Reference 0, 
*f»^ « Irrigation Reeearcb PubUoation. Vol. H, No. 4. 

* Mokensie Taylor, B., and Uppal, H. L. — * An inTceti^tion of the flow 
M water un^ Khanlri weir and the pressures on the floor.* ReseorcA 
Pttiljcajion, n. No. 6. fin. xin, xix, (1934). 

9 Khosla, ^ N., Mokenzie Taylor, B. and Uppal, H. L. — * An investiga- 
wn of the uplift pressure on a model of Bay IV, Klrumki weir and tiie pro* 
totype. Publicaticn, n. No. 10. (1936). 

9 Uppal, H. L. and Sfushtaq (unpublished work). 
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in the capillary space left; between the two sides of a miniature 
tank, and in which potassium permanganate is allowed to flow into 
a layer of water underlying the model. Diffusion is prevented by 
the narrowness of the distance between the walls and the absence of 
sand allows the lines to form very quickly. The lines are very 
sharp and can be photographed, but they disappear as soon as the 
flow of potassium permanganate is stopped. 

In the Electrical Models the lines of flow are not traced directly, 
(ii) Uplift Pressures . — Col man ^ seems to have been the first 
„ . . to investigate by this method the pressure 

Models' distributions in a sand medium underlying 

the model of a dam. He inserted 46 pipes 
at various points of the box containing the model and attached 
them to an equal number of glass tubes from which the level of 
water was read and the percentage drop of pressure calculated. 
From these values the equi-pressure lines in the medium were drawn. 

Col man took two types of sand : — Sand A, with which he tried 
(g) a simple floor, {b) The same floor with piling at the heel, and 
(c) The same floor with piling both at the heel and at the toe. 
With sand B he made seven experiments, three with different 
lengths of the floor and four with a given floor length and different 
lengths of sheet piling. 

Gunn and Uppal ^ conducted pressure observations on a small 
scale (1/50) model of Kasul weir (Lower Jbelum Canal). Twenty •six 
pipes to measure the pressures were put in the sand before building 
the model, and the levels of the meniscus in each was read by at 
cathetometer. Later on, Mckensie Taylor and Uppal * ingeniously 
adapted their tank for the tracing of lines of flow to pressure observa- 
tions, by drilling 80-100 holes in the steel plate at the back of the 
tank corresponding to the points at which the pressure observations 
were required to be made, and by connecting these to pipes in which 
the water levels could be read. By dividing the head at any point 
by the total head, and expressing the result as a percentage, the 
pressure distribution was known. 

With this apparatus they investigated the pressure distributions 
under (a) An ordinary floor S (6) Floors depressed in sand (three 
ratios and seven cases) ^ (e) Floors with piling at the heel (ten 


J Colman, J. B. T. — ‘ Th© action of water under dams.' Paper No. 1356, 
Pr<?c. Amtr. Soc. C.E., LXXX, pp. 421-452. {Dee.. 1616) 

2 Guni), J. P- and Uppal. H. L. — ‘ Investigation of observational methods 
for models.’ Punjab Irrigation Remrch Pubticaiion, II, No. 2, (1933). 

s Mokenzie Taylor. E. and Uppal, H. L.— ‘ An investigation of the 
preasuros oa works on sand foundations.* Punjab Irrigaiion Pe^eanh 
Publication, II, No. 5, (1634). 

* S«e Eeference 3, oupra. 

b Bose, N. K. and Uppal. H. L. — ' Uplift pressures under a dopressed 
door.' Punjab Irrigation Research Publication, II, No. 13, (1636). 
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ratios) ^ (d) Floors with piling at the toe (six ratios) *. {e) Floors with 
equal piling both at heel an toe (four ratios) ». and (/) the models 
of a large number of weirs with complicated foundation profiles . 
Later they investigated the effect on pressure distribution of varia- 
tions in temperature and depth of silt deposit above a weir for a 
model of the Panjnad Headworks*. and obtained very good agree- 
ment with the values obtained from the prototype. 

The electrical method is based on the supposed analogy of the 
flow of electricity through conductors to that 
Electric Models ^ter through a porous medium. A non* 

conducting model of the structure, which is underlain by a conduct- 
ing salt solution » and which separates two conducting segments 
(representing the upstream and downstream levels) at unequal 
potentials is the main component. The equipotential lines are 
traced by means of a needle or probe from points on the structure 
out into the medium and are taken as corresponding to the 
equipressure lines for the prototype. The streamlines can be 
traced by drawing a freehand curve approximately orthogonal to the 
equipressure lines. 

Pavlovsky ^ states that he proposed tliis method as far back 
as 1920, and gives three examples of its application in Ills 1031 
paper. He was foUowed by Hebort who investigated a number 
of dams by the electric method. These included Narora and 
Panjnad, but Hebert was unable to obtain a good agreement 
between the electric analogy results and those given by hydraulic 
models or the measurements on the works themselves. In the 
case of Panjnad, however, Uppal^ obtained a very close agree- 


1 Boat, K. K. and Uppal, H. L.^* Infiuenee of an upstream shoot pile 
on the upUft praMure on a 6oor.* Punjab Irrigaiion Rcttarch Publicotian, 
II. No. 9, (1936). 

* Bose, N. K. and Uppal, H. L. — * The eReot of an and sheet pile on the 

J nmun dietributioa under a weir 6oor and on the exit gradient.' Punjab 
rriffaiion Rt^earch PubUealion. II, No. 14, (1936). 

* Results not yet published. 

* See References 4, 6, p. 637. — A number of investisationa are etill 
unpublished. 

^ Uppal, H. L.~** Pressures under a model of the Panjnad weir and under 
the prototype.' Paper No. 165, Proceeding, Punjab Snginetring Con^rese, 
PP* 129-134, (1966). (Reprinted aa Reeearoh Publication, Vol. U, 

No. 11.) 

^ Pavlovsky, N. N.^* Motion of water under dams.' (Paper eigned on 
12th September, 1931, and printed aa Report No. 36 of the Premier Conffr^ 
dee grande Banvgee, IV. pp, 179-192, which waa held at Stockholm in June- 
July, 1933.) 

^ Hebert, D. J . — * Hydraulic Uplift preaeures under dams on previous 
foundations. • United Slaiee Department of Interior, Bureau t^f Reelamatum, 
Xechnicai Memorandum No. 364, (1934). (This reference is quoted on p. 1 286 
of the Proc. Amer, Soc. Civil Bngineere for Sept., 1934, in a discussion by 
Hebert of Lane s paper. See Reference 2, p. 6360 
^ Reference 6, eupra. 
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merit between his model results and those obtained by Hebert 
previously. 

At about the same time Harza ^ obtained by this method 
the pressure distributions for a depressed floor and for a floor with 
equal end piles. His work was mentioned by Haigh (F. F.) in 
introducing his own paper on * Design of weirs on sand foundations ' 
to the Punjab Engineering Congress held in February, 1935 

Vaidhianathan and Gurdas Ram ^ revived and improved the 
method in 1035, with which they investigated the cases of (i) A 
flush floor with no sheet piles, (u) A flush floor with sheet piles (1 case), 
(iii) A depressed floor in equal flJl (I case). In a subsequent paper * 
they also treated the case (ii) with a different floor*pile ratio. 

Later on they made an exhaustive study of a number of 
standard forms, which included the following 

(a) Depression floors with and without single end piles 
{b) Flush floors with and without single end piles 
(c) Stepped floors with piles at step^. 

{d) Floors with equal and unequal end piles, and with equal 
piles not at ends 

More recently Luthra and Vaidhianathan • have investigated 
the case of a flush floor fitted with fixed equal end piles and an 
inner pile varying in position and length. 

A number of existing or proposed foundation profiles were 
also treated similarly. The results for Havel i {3 separate designs), 


I Harea, L. F.— * Uplift and seepage under dams on sand foundation*. 
Proc. Am^r. Soc. C.B., (Sept., 1934). . , _ v* *6o 

t Haigh. P. F.— ‘ Design of weirs on sand foundation*. Paper Wo. 

Proc. Punjab En^jinterin^ Congrtsc, XXIII, pp. (1930). 

S Vaidhianathan. V, I. and Gurda* Ram.—* On the electrical method of 
investigating the uplift preaeure* under dam* and weir*. i m^aiton Htc%arth 

^“*^4^^M’Ram,%aldh?Lathan. V, I. and Mckenaie Taylor .-^Pot^tial 
distribution in infinite conductor* and uplift dam*. Proceeds r?* 

Indian Academy of Sciences, II. No. 1, (July, 19 J®)* . ^ 

t Vaidhiana^an, V. I., Gurdaa Ram and M^^ie Tylor, E.— Preseures 
under weira— Depreased floor* with and without aheet piles. Irrtgatxan 

Btstarch Pubticalion, V, No. 6, (1936). . *r • •- 't- i? • iT»^uff 

» Vaidhianathan, V. I.. Gurda* Bam wd Mcke^ie Taylor, E.— UpLft 

Pressure on weirs— a floor with a line of .beat pile.- Froc. Ind. Acad. Sc.. 

^°G^M*'^Ram*tnd Vaidhianathan, V. W '^e ^“‘8“ of 
reference to uplift pressure.’ Proc. Ind. Acad. Sc.. lU, Mo. 4, (April, 

Gurdas Bam and Vaidhianathan. V. I.—’ Uplift pre^ and desi^ 
of weirs with two aheet pUee.’ Proc. Ind. Aead. Sc., IV, No. 2, (August, 

***®^T,.thra H R. and Vaidhianathan, V. I.— ‘Uplift pressures under 
weirs with ttoerah^t piles.’ Proc. Ind. Acad. Sc.. IV, No. 4. pp. 491-602. 
(Oct., 1936). 
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Kalabagh (proposed), and Merala weira were presented in a paper' 
read before the Punjab Engineering Congress. The rest are not 
yet published. 

(iii) V^lccUi^ oj subsoil The first known experiments 

for determining the velocity of water through a horizontal sand 
layer subjected to a head of water were conducted by D’Arcy *. 
The sand was enclosed between two horizontal parallel planes, 
whose distance apart was small compared to the length of the sand 
layer measured parallel to the direction of flow. 

His work was followed by that of Hazen • who experimented 
with a number of sands of different sizes and calculated the velo- 
cities of flow under varying heads and at different temperatures. 

The first experiments, in India were carried out by CUbbom 
who used a 120' tube of 2' diameter, which was packed with Khanki 
sand and subjected to heads varying from 1' to 19'. Later he also 
used Jamrao and Solani sands for other experiments. 

Clibbom*8 object was to determine the velocities of water 
through different types of sand at different distances from the head 
of the tube and to find the pressures capable of blowing these sands 
through the orifices provided at 10' intervals in the tube. He 
also arrai^ed for an estimation of the useful effect of a downstream 
curtain wall in preventing such blowing. 

Experiments on the flow of water through different materials 
were also made by King and Slichter •, with special reference 
to the * porosity '^also known as * pore apace *^>f the material. 

In recent years the attention of the experimenters has been 
largely directed towards determining the * flotation ’ and ' bursting ' 
gradients, i.e. the ratios of head of water to lengths of sand column 
(horizontal or vertical) which would cause the sand particles 
respectively to remain suspended in and to be csuried away by the 
stream of water flowing round them. 


I Vaidhiaaethan, V. I. and Qiirdas Ram . — * Eleotrieal mathod for 
datermining praaaure diatribution under hydraulic works.' Paper No. IdO. 
jPfoe. Ptm;o6 Engineering Csngrus, XZJV. pp. 49-53, (1936). 

* D'Aroy, 33. (1866 ). — (Thtn aie several papers quoted in various 
isfersnee books and papsxs. Th^ beet known is * Les Fontainea PubUques de 
U ViUe ds Dijon ',) 

^ E ase n , A. (1893). — * Some Physical properties of sands and gravels.’ 
Report of Massachussete B^ard of Health. (Reference taken from p. 322 of 
Buckley's Irrigation Pocket book, 2nd option, 1911.) 

* CUbbom; J, (1896).*—' Bzperimanis made on the pataage of water 
through the sand of the Chenab nver from the Whaniri weir aiie— May* 1 396.' 
Roo rkee TieatiM on CSvil Engineering — Irrigation Work in India. Appendix 
D. ttv-^nviii. (The ^ook was written in 1901. The pages r^er to 
1909 edition.) 

^ Slichter, O. S.— * The motions of undergrooiid waieis.' U*3» 0€oU>gical 
Sunyeg voter eupplg and Irrigotiem Paper^ No. 67, (X902). (Reference taken 
uom page 324 of Buckley's brigation Po^eet-book. See Heferenoe 3, supra,) 
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Terzaghi’s ^ *, work in this direction has been followed by that 
of Vaidhianathan and Luthra who examined the ‘ flotation * 
and * blowing ’ gradients for twelve specimens of silt and discussed 
these in relation to the conditions of flow near the toe of a work. 

Theoretical . — The theoretical work can be subdivided into : — 

1. Empirical:— 

(i) Formula or deductions based on experiments or observa- 

tions. 

(ii) Hypotheses or suggestions, for which the experimental 

basis is not traceable. 


2. Mathematical 

(i) Deductions made by the application of hydrodynamical 

theory. 

(ii) Isolated attempts at approximations. 


D’Arcy * and Dupuis concluded from their experiments that 
the velocity of water flowing in minute channels, 
varied directly as the head and might be expressed 
by the equation v^ki, in which v is the velocity of flow, i the fall in a 
given distance divided by that distance, and k a coefficient which 
varied with the size of the grains of the soil. 

Hazen^ retained the form of D'Arcy's hypothesis, and 
expressed k in terms of the temperature of the water, and the 
‘ effective size * of the particles constituting the sand through 
which the water flowed (the effective size being the diameter 
of the particle, which was exceeded by 90% of these present in 

the given sand.) ... tx » 

SUchter • introduced the conception of ‘ porosity into Hazen s 
formula, while Bald win- Wiseman ’ gave a very elaborate expres- 
sion for k, which he deduced from certain experimental data m his 
possession. 


I Te«aghi. Charles. 11929).— ‘ Effect ^mmor 
safety of Amer. M. Mining and f 

Publication No. 215. (Reference Uken from page 1293 of Proc. Am. Soc. 

C-E.. Sept, ,,922). _■ per Grundbmch an SUuma^m und wine 

Verhutung.’* Die Waswrkraft. (Reference taken from peg® 1290 of Free. 

flow of water through porous strata bwrmg on the of founda- 

tion* ' Puniab Jrngati<m Rtstareh Publication, V, No. 5, (1935). 

4 D'Ai^^y and D^uU. (lS5d).-‘ Traiti * dt la conduce ti de la 
(Ice Eai^. (Reference taken from Buckley a Irrigation Pocket-book, 
page 321, 2nd edition, 1911.) 

I S^h^r?c"s!— C.E., CLXXXI, p. 127, (1910). (Reference 

taken from Buckloy-s Irri^tion Pocket ‘xwt. P. 32^) 

7 Bald win* Wiseman , W. R. — Proc. Inct. C.E,, CLXXXI, p* 3U, (iviu;. 
(Reference taken from Buckley's Irrigation Pocket Book, p. 326). 
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Clibbom ^ made a number of interesting deductions from his 
experiments on Khanki sand. Some of these were : — 

(o) An effective pressure of 3 feet of water at any point 
appears capable of blowing sand out with water. 

(b) The value of the 6' curtain at the end of the tube is 

marked by the way in which it prevents sand flowing 
slowly out with the percolation water. Its value 
(it was used with a 120' pipe full of sand) may bo 
put AS equivalent to 15 feet of extra weir. 

(c) The resultant upward pressures of water headed up above 

a work will act under that work with forces in direct 
proportion of their distances from the point of appli- 
cation to their points of exit. 

In other words, Clibbom assumed the fall of pressure to be 
linear, though for the vertical cut-off used he used a weightago of 3. 

Beresford * discussed Clibbom 's experiments, but did not 
regard them as being of great use. 

Hutton ^ reading a paper before the Simla Engineering 
Conference on the pressure observations obtained from Narora 
weir on the day preceding its failure stated that the path of 
percolation under the weir seemed to him to follow the line of * least 
resistance \ It is not known how he arrived at this conclusion. 

Hutton also noticed' that the pressure pipes showed higher 
pressures than those calculated from the formula of linear fall 
of pressure. 

Khosla * fitted an empirical logarithmic curve to his observa- 
tions at Dugri I and Jauryan siphons to show the variations in the 
head recorded with changes in depth of the strainer point. From 
this curve which he calm the ' loss of head curve * be made two 
important deductions. The first was that the velocity of fiow at 
any point in the subsoil is directly proportional to the loss of head 
from the normal surface level at the point, and the second that 
this velocity increases as the depth decreases. 

He also found that an 13' pile cut oS" about as much of head 
as it would if it were a 70' long horizontal floor 

Mckenzie Taylor and Uppal ^ concerned themselves mostly 
about the form and spacing of the lines of flow. Their most impor- 
tant deductions are given l^low : — 

1. There is no fiow (or very little) along the foundation 
profile of a work. 


^ Sm Reference 4, p. 641. 

* Bereaford, J. 8.— * of India Toehnieal paper. No. 97,* (1902), 

(Quoted in Reference 2, p. 637, by Mckenzie Taylor TTppal). 

^ Hutton, C. H. (191d).^^Quoted on page 190 of Blighe * The practical 
daei^ of Irrigatjon Works ’ by tbe editor, F. W. Woods. (3rd edition.) 

• * See R^erenee 1, p. 636. 

^ See Refexenoe 1, p. 636. . a See Refecenoe 2, p. 637. 
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2. The lines of flow under an imper7ious floor take the 

form of semi-ellipses. 

3. The velocity of flow of the water is increased as it 

passes under a pile. The lines of flow show a marked 

tendency to be thrown off away from the pile, after 

passing its foot. 

* 

From their work on pressure measurements on a simple floor 
they concluded that '— 

1. The fall of pressure along the base of an impervious 

floor does not follow a linear law. There is a large 
drop of pressure on entrance immediately upstream 
of the work and a further large drop of pressure 
on emergence immediately downstream. 

2. For any fixed point under a work the percentage drop 

of pressure is constant for all beads examined. 

Similarly conclusions had been drawn by Colman They may 
be summarized as below 

1. For a flush floor, there is a relatively large loss of bead 

at the points where the water enters or leaves the sand. 
The pressure curve closely resembles the probability 
curve. 

2. Piling at the heel of a dam* reduces the pressure and 

piling at the toe increases it. 

3. With sheet piling at the heel, the line of major flow 

approximates to the shortest distance from the 
end of the piling to the toe of the structure. 

Colman also gave two empirical formul® for the total upward 
thrust per unit width of the floor with and without piles at the heel. 

Bose ® made a statistical analysis of the data obtained by 
Taylor and Uppal for a floor-and-an-upstream-pOe combination 
by fitting an experimcnUl curve to the pressure values at particular 
points His deductions were that the foundation profile was not 
the line of major flow, that the drop of pressure along the outer 
face of the piles was very much more than that along the innCT 
one and that there was a considerable drop of pressure round the 
foot of the piles. He foUowed this work by fitting an empirical 
formula to the pressure distributions obUmed under depressed 

Gurdas Kam and Vaidhianathan ® concluded that the beat 
position for piles was at the end of a floor, as they cut off more pres- 
sure in that position than in any other position. Luthra and 


I See Reference 3, p. 538. 
a See Reference 1, p. 538. 
e See Reference 1. p. 538. 

5 See References 6, 8, p. 540. 


* See Reference 5, p. 538. 
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Vaidhianathan ^ concluded that with a floor fitted with equal 
end piles, a third sheet was best placed near the centre or the heel 
according as it was shorter or longer than either of the end sheets of 

their experiments on flotation gradient* the same 
authors concluded that the value of this gradient is very nearly 
unity for the silts of the types likely to form the foundation material 
of E^njab weirs. 

The results of Gurdas Ram, Luthra and Vaidhianathan's 
experiments on standard forms were utilized hy Khosla to frame 
his method of Independent Variables*, where each elementary 
combination of a floor and sheet pile is treated as a separate entity 
and the results so obtained are corrected for the influence of the 
neighbouring entities. The correction is expressed by an empirical 
formula, which gives a very good fit with the experimental values. 
The basic idea is that the influence of each element of the structure 
on the pressure distribution is mainly local. 

Olibbom ^ was the first to introduce the word ‘ creep ’ 
into engmeering literature. He defined it as ' the underground 
scour 0 ? water caused by the beading up of the water above the 
weir and the fall in level below in times of a low river and a high 
demand for irrigation He suggested an upstream puddle apron 
(whose iuTention he attributed to (^I. Western) as a means of 
lowering the hydraulic gradient. He also thought that a * sheet- 
piled terminal at the heel, though primarily a protection to the 
puddle apron, also tends to reduce the danger of longitudinal 
creep in an efficient manner '. 

This last idea was abo adopted by Brown who argued that 
as * (1) the extension of the impermeable platform upstream of the 
drop wall decreases the upward pressure on the floor below the 
drop wall at the same time that it reduces the steepness of the 
by^aulic gradient and therefore the rate of flow of the percolation 
water, (2) the extension of the impermeable platform downstream 
has the disadvantage of increasing the upward pressure on the 
floor below the drop wall, though the steepness of the hydraulic 
gradient is favourably affected in the same way as by an upstream 
extension ; therefore (3) a curtain toaU is tpeU placed if upstream 
of the floor, tnU badly placed if downstream, except as a precaution 
against cutting back and undermining of the floor 


1 8«e Referexkce 9, p. 640. 

* See Reference 3, p. 643. 

* Ehoela, A. N. ( 1936 ). — * WoHcing rulee and general principles of 

(This forms ebaptw X of the v.I.B. Publication * Design of weire 
on sand foundations *.) 

* ClibboRi, J. (1901).—* Roorkee Treatise on Civil Engineering Irrigation 
work in India Chapter VII * Works *. Paragraph 14, * Details of main 
weir derign *, pp. 137-141. 

* Brown, Sir Hanbury. — ‘ /mpoiton — /is pritwiplee and practice as a 
branch of engineering,' p. 132, (1912). 
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The outstanding empirical hypothesis of ‘ creep * was, however, 
formulated two years earlier by Bligh*. It will be stated her© in 
his own words. 

* The main determining factor in the stability of the sand 
formation is . . . the enforced length of percolation or the so-called 
creep of the under current * (para. 4). 

* To ensure safety from undermining this length 2, must be 
some multiple of the head H. If 2 s Cxif , then the coefficient C 
will vary in value with the quality of the sand ’ (para. 6). 

In paragraph 0 he gives the values of C, for difierent sands 
whose derivation however is not explained. The values vary 
from 5 for boulders to 18 for light silt. 

' If vertical depressions are placed below the base of the floor, 
the line of percolation may be forced to follow round these obstruc- 
tions, and may not. as might be imagined, take the line of least 
resistance. Thus, if an impervious line of sheet piling or curtain 
wall of masonry be inserted below the floor ^ the line of creep may he 
measured doum one side of the verticai (^struction and up the other 
side. The added length of creep will thus be twice the depth of ike 
curtain.' (Para. 19.) 

His hypothesis can thus be divided into three parts : — 

(a) The flow of water is mainly along the foundation profile 
of the structure. 

(5) The pressure falls uniformly from point to point along the 
profile. In other words, the velocity of flow at all 
points of the profile is the same. 

(c) The total length of the profile should be obtained by 
following along both sides of the vertical components 
and should be large enough to reduce the supposedly 
uniform velocity to a value less than an assumed 
critical value depending on the foundation material. 

Hutton * thought that ‘ in case of a horizontal floor, held in 
by two lines of sheet piling, the percolation, instead of creeping 
down one side and up the other of the upstream piling, then along 
the floor, and then down and up along the downstream pihng, 
would pass direct from the toe of the upstream piling to that of the 
downstream piling*. This passage Hutton termed the path of 

‘ least resistance *. ^ , .v • 

At about the same time Griffith • put forward a hypothesis 

similar to Blights. 

I Bligh W. G. (IfilO). — ' Tho p»ct5cai design of irrigation works,* 
pp. 147-151.* iTh® pagoe refer to the thir*! enUtion issued in 1927.) 

S See Reference 3. p. 543. , 

• Griffith. W. M. — ’ The stability of weir foundations on sand and smJ 
subioct to hydrostatic pressure.’ Proc. In*i. C.B.. CXCVII. Part lil. 
p. 221 (1913-14). (Beferenco taken from page 1237 from Proe. Amer. iioc. 
C.E. for Sept., 1934.) 
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Very recently Lane * studied a number of cases where dams 
had failed or were still standing. He put forward the ' weighted- 
creep method in which he stated that ‘ creep along vertical 
surfaces or surfaces sloping more than 45^ with the horizontal will 
be called “ vertical creep ** and other surfaces horizontal creep 
The weighted creep distance is the vertical creep plus onc-thlrd 
the horizontal creep He proceeded to give values of coeflicients 
for safety on the same lines as Bligh’s ^-values. 

(i) The conversion of Darcy’s formula * from its linuir form 
*u *11 minute ch4xn7ul$ to a differential form for 

a ema ca infinite substratum may be said to form the 
starting point of the mathematical treatment of subsoil flow. The 
necessary Ic^c was fximished by Slicbter^, who, combining the 
geometry of porespace with the hydrodynamics of a viscous fluid, 
first verified Darcy’s law and then put it in its differential form. 

Beresford *, at about the same date bad postulated that the 
lines of flow round a semicircular profile with an infinite substratum 
would be semicircles, and bad interpreted it as being a proof of 
the law of linear fall of pressure for all profiler. 

Forobbeimer ^ then applied a well-known example in hydro- 
dynamics to evaluate the equi- pressure and stream -lines for the 
two elementary cases of a horizontal floor flush with its foundations 
and a sheet pile in equal fill. This was the beginning of the ' stream- 
line ’ theory and of the ‘ method of confocal conics 

This method was applied by Parker though wrongly, to the 
case of a floor having a core wall below the crest. It was used later 
by Harza ’ and Haigh * to develop the criteria for safety of weirs. 

The essential basis of the stream-line theory was stated in 
mathematical language by Johnston and at greater length 
in non-mathematical language by Haigh who did not, however, 
■■ * eyond the two e‘ ... 


^ See Refmnce 2, p. 636. 

^ See Reference 4, p. 542. 

* Slkhtep (eee Reference 1, p. 641). — (Quoted by Bose in Chapter II 
of the Deuen of wein on sand foxindatione.' Central Board of Irriffation 
in India Publication.) 

S» (1902).— ‘ Experiment# on the paaeage of water through 
»na. Qovt. of India Teohnical Paper No. 97. (Quoted on p. 327 of 
Bucl^y e P^ket-book (2nd edition. 19U).) 

Fopcnheimer ( 1 927). — * 2ur G rundwaaesrbe wegung nacb leothermiechen 
^wvenscharen. (Refermoe taken from page 4 of I^jab Irrigation Research 
PubUcetion. Vol. n. No. 13.) 

(1913)^^**^* con«rol o/ ifioUr,* (Routledge), pp. 292-299, 

^ Reference 1, p. 640, (quoted by Haigh in hie paper — Reference 2, 

p. 04U)« 

ft P- 

— Diecuaaion on P.E.C. Paper No. 173. Proceedtrurs 
Cen^rw, pp. 786.78c, (1934). 

bee Reference 2, p. 640. (Aleo pp. 78d.78€ of Reference 9, supra.) 
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Pavlovsky* solved the case for a single-pile- flush -floor combina- 
tion, Weaver * independently obtained the same solution a year 
later. Pavlovsky also considered the same case with a finite 
substratum, but the same solution was obtained independently 
by Muskat 

Bose's * solution for a stepped floor and his evaluation of 
the exit gradient formul® — whose connection with the critical 
velocity had been evaluated by Terzc^hi ^ and Haigh ® — brings 
the mathematical development up to date. 

(ii) Of the isolated attempts, Hoffmann’s ^ use of Fourier 
Series and linear equations for a flush floor with equal -end -piles, 
and Haigh ’s formulae • for cases of symptomatic flow are known. 
They are only approximations and do not form part of the ‘ stream- 
line ’ Theory. 

(d) Flumihg. 


It is of the highest importance to the Irrigation Engineers 
r . ^ .1 here as well as abroad to design, construct 

and maintain most economically masonry works 
such as canal falls and bridges over canals. The amount of money 
spent over such construction in any project is considerable and their 
annual maintenance charges form a large item in the recurring 
charges of such a canal system. Efforts of engineers had been 
mainly directed to reduce both the cost of construction and main- 
tenance of sucli hydraulic works on canals. Various methods had 
been tried to bring about this economy : one of the most successful 
efforts had been the constriction of waterway of masonry works, 
i.e. fluming. Some of these designs had worked most successfully 
necessitating very little maintenance charges while others had 
failed Involving severe damage as a result of unexpectedly heavy 
hydraulic action in a few cases resulting in the partial destruction 
of the work. 

Due to such unexpected divergent and discordant results 
of designs based almost on identical principles the Central Board 
of Irrigation instituted a detailed enquiry about the subject which 


1 See Hcforence 6. p. 539? pp. 167*188. ... , . 

7 Weaver, W. (1032). ‘ Uplift presaure on dams. Amer. Jour, sstam. 

Phifsics, XI, No. 2. pp. 114-146. (Juno. 1932). r . j u -> 1 .^ 

5 Musket M. (1936).—* Soopego flu* under dams of oxtonded base width 
»nd under coffer dains resting on permeable atrate of finite th.ckne^ 
Physics {JoxifMtl published by the Amer. InM. of Phystce. March, 1036, pp. 116- 
1 23 ) 

' i Bose, N. K- (1036).—* Malhamatical Troatmont of flow under weirs 
with reference to uplift pressures and exit gradients. (This forms chapter VII 
of tho C X.B. Publication.) ‘ Design of weirs on sand foundations .) 

b TeMghi, Charles (1025).— (Quoted by Vaidhaiiathan on p. U5 of the 
P.B.C. proceedings for 1033. during the discussion on Paper No. 173.) 

• See Reference 2. p. 640. 

T Hoffmann. R. (1034).— ‘ Dio Wasserwirtschaft. 1, 174 (quoted by 
Muskat in Reference 3, supra). 

• Soe Reference 2, p. 540; pp. 108-111. 
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was embodied in a publication of the Board in 1934. In the follow* 
ing the definition and classification of * flumes ’ will be the same 
as were accepted in the above publication. 

The word ‘ Flu m ing * is used by engineers themselves in 
different connections conveying different signi- 
DeflnitioD and ficances. A very general definition as suggested 

ass ca on above note of the Board is as follows 

‘ A flumed work is one built in a stream of which the waterway 
is reduced below the normal. It is necessarily accompanied by 
an incxease in velocity.’ 

With this broad definition flumes can be divided into two 
distinct types : 

Typt I. Flumes with a free water surface under atmospheric 
pressure, so that the depth of water in the flume could 
increase or decrease. 

Typt II. Flumes closed on all sides so that the pressure 
on the top could vary within limits. 

Various forms of Type 1 will be dealt with here. Type II 
includes oases of pipes and syphons and will not be considered. 

Before the various forms of Type I can be properly classified 
it is necessary to go into some details about the theory of fluid 
flow in flumes. 

Theory of flow of water in flumes will be dealt with here from the 
Theo of flow two-dimensional point of view. This will neglect 

^ the effect of cross-currents in the flume and also 

the effect of friction on the side walls. As a fundamental basis 
for discussion it will be necessary to accept the two following 
laws of fluid mechanics 

1. Law of conservation of energy. 

2. Xaw of conservation of linear momentum. 

The Law of Conservation of Energy states that the total energy 
- of flow of a volume of fluid remains constant 

tlOQ of Ener^^* ^ flows along the flume excepting for the 
loss in energy due to friction. So that the 
total amount of work that can be obtained from every pound 
of water passing any point in the fluid, assuming it can fall to the 
datum level and that no energy is lost, is 




where p is the pressure per sq. foot at the point and to is the weight 
per cubic foot of the fluid, v is the velocity of flow at the point and 
z is the height of the point above a datum level. This is known as 
Bernoulli’s General Theorem which states 


p V* _ 

= Constant . . 


.. (1) 
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for each stream line. The constant generally is different from 
stream line to stream line. But in the case where all the stream 
lines can be assumed to have started from the same total energy 
line the constant will be the same for all the stream lines. So that 
the total energy of unit mass of water at any point consists of : 

(i) Potential Energy, i.e. height above a fixed datum ; 

(ii) Depth Energy (or Pressure Energy), i.e. the mean 

depth D over the bed ; 

(iii) Kinetic Energy (or Velocity Energy) ^ . 

The total energy line can be plotted over the water surface 

setting off the velocity energy 5 - before it. There will generally 

be a slope in the total energy line which will represent the friction 
on the bed of the flume. For stable flow the total energy line will 
be parallel to the water surface and the bed of the flume. 

Equation (1) will hold so long as the stream lines are straight 
^ and there is no marked curvature in them, 

tore If they are curved, an additional term involving 

the centripetal force due to curvature will have 
to be introduced. If r be the radius of curvature of the stream 
line passing through the above point with velocity v then the 
transversal component of the acceleration (centripetal acceleration) 

is given by — . So that resolving all the forces normal to the 

direction of flow we get 


1 3j>j_ 5s V* 
p ” r 


.. ( 2 ) 


where n is measured along the normal. It will be possible to 
integrate this equation in a limited number of cases. But it is 
apparent that the pressure will rise from the concave side of the 

t}t 

stream to the convex side at the rate of p— per unit length of the 
normal. 

If in Equation (1) the pressure energy (depth energy) and 
the velocity energy are measured over the 
Energy of flow flume then the sum of these two 


v‘ 


energies is known as the Energy of Flow « 


( 3 ) 


Suppose on the bed of our flume a small obstruction is placed 
(see Fig. 1). Suppa^^e the total discharge in the flume is Q and 
constant. Let AiDiVi and be corresponding quantities 

in tlie two sections AB and CD, where 
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A s area, of cross>section» 

V » average velocity of the cross*section, 
2) s average depth in the croas>section. 

C 




Then D ia the depth energy, 

^ is the velocity energy. 

So that the energy of flow Ef is 

If Q be the total discharge io the fume and B the width of the 
flume then the discharge per foot width of the flume is given hy 

q - Q/B. 

In the above Figure constriction had been shewn on the bed alone. 
It may also be put on the sides changing thereby B and g. 

Now in sections AB and CD : 



* 

So that for each value of ^ a curve can be plotted between E/ and D. 
Such series of curves are given in the Central Board Publication 
No. 4, * Hydraulic Diagrams *. One of these curves is given in 
Fig. 2. 

F^m Equation (6) it Is clear that — 

(1) the curve becomes asymptotic to the energy of flow 

axis for very small values of D ; 

(2) the curve again ap|aoacbes the line Ef s D for very 

high values of D, so that E/ss D is again an asymp- 
tote to the curve. 
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FlO. 2. 


On differentiating Ef with respect to i> 

dD~ qD*' 

So that Bt passes through a minimuiQ value when 
This depth is known as the ‘ Critical D^th ’ Dq 

Dc^i/% 

The critical velocity Fc corresponding^to this depth 

Fc^v^g? 

and the energy of flow at this depth is a minimum. 
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It will be seen from Fig. 2 that corresponding to every value 
of Bf there are two depths possible of which one will be less than 
the critical depth and the other more than the critical depth. 
These two depths are stable whereas at the critical depth where the 
energy of flow is minimum the flow is unstable. So that if the 
depth of water before the obstruction is above the critical after 
passing the critical point* it can either come back to its original 
state or the velocity may increase beyond its critical value and the 
depth decrease below its critical point (see Fig. 3). 



I^et US reverse the condition now and see what happens. In 
Fig. 4, the stream is moving with a hyper •critical velocity and 
there is a gradual rise in the bed. Gradually the velocity is 
lowered and the depth increased till the critical point is reached 
and after that the flow becomes normal so that the depth and 
velocity become such as the slope in the channel can maintain. 



If this natural rise in the bed is not available in the flume 
then the hyper-critical velocity will not maintain itself long but 
the transition, as given in 3^. 4, will be effected by what is 
known as the ‘ Standing Wave *. This is a new phenomenon which is 
very often utilized in bringing back a hyper-critical jet to ordinary 
oonditiozu of flow. To explain this phenomenon we shall have to go 
mto details about the second law of flow. 
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Al] 


moving 


bodies have momentum. So that every volume 
of water moving with a certain velocity will 
possess momentum. According to Newton’s 
Second Law of Motion the rate of change of 
momentum is proportional to the force acting 
on the body. So that if we consider the movement of water in the 
flume across two sections AB and CD (Fig. 5), the momentum across 


Law of Conaer* 
vaHon of Linear 
Momentum 



Fio. 6. 


the section AB is equal to —QVi and across CD U QVp 
that if Pi and Pj be the pressures across the sections— 


So 


KQV^-^jQV^ = Pt-P,+F .. ( 8 ) 


otjQVi+P, = ~QVt+Pt+F •• W 

From Equation (8) we find that the diflFerence of momentum across 
the two sections AB and CD is equal to the different of pressure 
on these sections together with the component F of the external 
forces acting on the prism of water ABCD. If the external force 
be only friction on the bed BD which wiU be represented by the slope 
in the T.E. line, so that it can be neglected in Eq. (8) and (9), 
we get 

QV ^ Pressu re + Momentum « Constant . . (10) 

9 

across any section of the flume neglecting friction. Now at any 
section 

P^W-^.B. 
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Equation (10) becomes 


w .^.B+~.q.B.V = Constant 
2 g 


or 

or 


A’ 


+|f, 

g 

D,*q* J_ 
2 -2), 


-2+-g^* 

± 

2 ? .D, 


£^^£c*_D,t Dc* 
2 X>i ” 2 Dt 


( 11 ) 


From Equation (II) it is clear that — 

(1) the curve becomes asymptotic to the Pressure +Momen* 

turn axis for very small values of D ; 

(2) the curve again approaches the Pressure line for very 

high values of D, so that the Pressure-Depth line be- 
comes asymptotic to this curve. 

This curve is also shown in Fig. 2. There is also a minimum 
point in this curve which can be obtained by ^fferontiating 


+ “ 2 ^ = Constant 


with respect to D and equating to zero. 

Dc*_ 


D 




or Dain « i>C' 

So that the depth for the minimum point of ‘ Pressure Momentum * 
curve corresponds to that of the minimum point for ‘ Enersv of 
Flow ’ curve. 

It will be seen from Fig. 2 that the ‘ Pressure + Momentum ' 
curve and the ‘ Energy of Plow ' curve approach asymptotically 
the ordinate axis for very small values of D. After the critical 
I»int is passed through, both of them approach the Depth -Energy 
1^, the ' Energy of Flow * curve approaches much faster than the 
l^ssu^ -flymen turn curve, so that they diverge ^m each other 
After the critical point is passed. 

The ‘ Pressure^ Momentum ’ curve in Fig. 2 has the same 
« that used for the ‘ Energy of Flow ' curve and the values 
of !m8sure+ Momentum * are shewn on the right. For a given 
de^h there is always one other depth having an equal value of 
^Msure+Momentum *, this point falling in all cases beyond the 
onti^ depth. Therefore for any depth of flow there is always 
another depth which we will call the alternative momentum stage 
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to which the flow may change without the intervention of an 
external force. Such a change, however, requires a change in the 
energy of flow. 

FVom Fig. 2 it is clear that for a given change in depth the 
change in is not proportional to the change in * Pressure + 
Momentum ^ so that it follows that a change in depth cannot 
occur without the introduction of some factor to preserve balance. 
A change between alternative energy stages without loss may be 
effected by the application of an external force only. This can be 
seen from Fig. 2 where the points F and Q refer to the same energy 
stage where the points D and T having the same depths as F and 0 
refer to a different momentum stage which means that there must 
have been application of some external force proportional to D*T, 
A change in the alternative momentum stages may be, on the other 
hand, accomplished by a change in energy only. In hig. 2 D and E 
refer to the same momentum stage but the points F and H having 
the same depths as D and E refer to two different energy stages 
and the loss of energy in passing from £> to F is proportional 
to F'J?. 

Equation (11) can be re* written in the following form : — 




.. ( 12 ) 


From the above Mr. Crump has deduced the loss of head in the 
jump as 

■■ ■■ 

and also 




(14) 


where K « upstream total bead measured over the crest level. 

F = elevation of the crest above point of formation of stand 


mg wave. 


Having briefly dealt with the theory of flow in flumes we can 
now classify the different forms of Type I Flumes : 

CUus /. Flumes in which the velocity never rises above 
the critical. 

Class II. Flumes in which the velocity rises above the 
critical but the design is such that the stream returns to 
sub-critical flow without the interposition of the standing 


wave. , 

Class III. Flumes in which the velocity rises above the 
critical and in which provision is made for the generation 
of a standing wave at the point where the stream resumes 
sub -critical velocity. 
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"From the definition of ' Fluming * it is apparent that where 
the dume ende or begins as the waterway in 
Curracure and flume is reduced below the normal there 

<^rve of Tran- must bo a change in the bed level or in the 

* ® sides of the channel. This is generally effected 

by giving a gentle transition curve whose radii of curvature is 
generally determined empirically and is the result of experience. 
It is apparent that at the beginning and end of a transition, the 
curvatures should be zero. To determine the intermediate 
curvature between these points the theory is not sufficiently de- 
veloped nor is there a sufficient number of experiments to decide 
the point. It is well known that if the curve of transition is too 
abrupt the film of water will not adhere to it but a layer of vortices 
will form between the film and the curve and the character of the 
whole movement will change. A number of practical curves 
of transition with empirical ratios for the splay have been worked 
out and given in the Publication No. 6 of the Central Board of 
Irrigation. 

In the above, the line followed has been mainly that worked 
out by Julian Hinds in his publication ' The Hydraulic Jump 
and critical Depth in the Design of Hydraulic Structures * in the 

* Engineering News Record \ dated November 25th, 1920, and 
the paper by A. M. R. Montagu, on * Energy of Flowing Water, 
Critical Flow and Standing Waves ’ in the Punjab Engineering 
Congress Paper No. 126 and the Publication No. 6 on * Fluming ' 
by the Central Boud of Irrigation. 


(e) Silt in Me economy o/ a Canal Sysfem. 

One of the main difficulties which Irrigation Engineers in 
latroducdoD alluvial countries, such ss India, have to 

encounter is to control silt that is brought down 
by the canals ^om the rivers. In spite of very rigid regulations 
at the beadworks the canal engineer finds tlmt his canals are 
silting up badly and thereby losing command br the berms are 
falling in rapidly widening the channel and thereby threatening 
breaches along the line. The amount of money spent on silt 
clearance and repairs due to sOt troubles is considerable on a canal 
system whose success depends on the degr^ in which the ill effects 
of the silt can be overcome or obviated. 

1. Every river carries some detritus or foreign substences. 
In the mountainous region where the slope is steep it may consist 
of big boulders, shingle and coarse sand. As the river goes down 
into the plain shingle and boulders become less and less, coarse 
aand and fine sQt predominate, till when it comes near the sea 
only fine silt can be obtained in the bed and clay in suspension. 
Nothing is definitely known as to what happens to the shingle 
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and boulders in the upper reaches and wherefrom do the fine silt 
and clay come in the lower reaches. Whether this is due to abrasion 
or any other cause is not material for us ; but what is clear is the 
fact that the coarse sand that is in suspension in the upper 
reaches is on the bed in the middle reaches and is absent 
altogether in the lower reaches. So that what is floating silt in 
one reach is bed silt in another ; that is, the line of demarcation 
between floating silt and bed silt is simply a fiinction of velocity 
and turbulence. But from our experience in the Punjab canals 
silt of diameters higher than '07 mm. is very seldom found in 
suspension and very little of particles below 07 mm. diameter 
size is found on the bed of canals. For the purpose of this article 
the above definition will be followed. 

2. In designing channels it has long been recognised that the 
silt that the channel will carry can have great influence in deter* 
mining the ultimate section and slope to which the channel will 
settle down. This fact was most probably in the mind of Kutter 
and Ganguiilet when they tried to modify the Chezy formula 
by introducing in the formula a variable factor ' n * which depends 
on the so«cal]ed rugosity of the channels. About 40 years ago 
Mr. Kennedy of the Punjab Irrigation introduced the idea of silt and 
turbulence explicitly into the subject and deduced his well-known 
relationship from about 20 sites on the Upper Bari Doab Canal 
system. More recently Mr. G. Lacey of the United Provinces 
Irrigation Department has again revived the subject and proposed in 
two papers before the Institution of Civil Engineers, London, a 
number of relationships involving some of the usual hydraulic 
constants with a quantity known as the silt factor/. For a number 
of years recently the Punjab Irrigation Research Institute had been 
busy in finding the behaviour of silt in regime channels. In a paper 
before the Punjab Engineering Congress in 1935 the wnter put forth 
the results of this investigation. 

3. In tackling the problem of silt in canals there had been 
two methods of attack. One method had been mainly folio^ved 
by the above class of research workers who had been principally 
concerned with finding the quantity and quality of silt that a channel 
with a certain fixed discharge, slop© and section will carry without 
scouring or silting. Research workers in India had been generally 
taking into consideration only the quality of silt but not the 
quantity ; while workers in America and China arc inclined to take 
quantity also into account. This may be due to the fact that 
Indian rivers generally do not cany so much silt as those of China 
and America. The other class of workers had been mainly 
concerned with the various methods for exclusion or control of silt 
entry into the canal system. Though the object of both classes 
of workers is the same, ’to run a canal system successfully, yet their 
methods are different and can be made to supplement each other 
by judicious adjtistment. 
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It is obvious thst once silt has got into the main line of a canal 
system through its head works, it must go down the system to the 
bail end. So that if any control or exclusion is to be practised 
it must start at the canal regulator in the river pocket. If it is 
known from the available slope of the country what maximum 
size of silt the main lines and branches can carry It will bo po.ssiblc 
to exclude from the system all silts coarser than this Mzv. As 
the main line goes down distributaries take off from it and knowing 
the silt carrying capacity of each of these distributatics it may be 
possible by sOt -selective heads to give them just the proportion 
of silt that they will carry. Thus in controlling silt movement 
in a canal system the above two methods have to work together ; 
at every step one method supplementing the other. It will be 
shewn later how it is possible to know what grade of silt a certain 
channel passing a certain discharge through a certain section 
and slope will be able to carry. We shall now deal with the various 
methods of silt-exclusion and silt control that are in practice in 
India. 

4. The fundamental ideas that lie at the root of all silt- 
excluding and silt-controlling devices are the following 

(1) The heavier grades of silt roll on the bed of the channel 

and the maximum diameter of floating silt is of the 
order 0*07 mm. 

(2) Silt is made to roll on the bed or held in suspension 

due to turbulence in the channel which generally 
starts at the wetted*peri meter of the channel and is 
caused by unevenness of the boundary. With a 
^ed depth and mean velocity, a rough bed will 
carry more silt than a smooth one, though a smooth 
bed will be able to transport a heavier grade of silt 
than a rough one. 

(3) The velocity of top water in a channel is much faster 

than that of the bottom water so that It is much 
easier to defiect the bottom water than the top water. 

Based on the above principles various forms of silt excluders 
and silt-regulators have been devised. We shall first deal with 
the silt control at headworks. The proper place to deal with the 
silt trouble in a canal system is clearly at its head. We shall now 
describe a few cases of sUt regulator at the headworks of some Punjab 
rivers. One of them is described by Mr. King in his paper on 
Silt Vanes and other devices for excluding and controlling Silt 

A rough general layout of the Silt-Begulator is given in 3F1g. 6. 
By the term Silt-Regulator is meant a device for regulating to 
a nicety the quantity of silt let into a canal ae opposed to a mere 
Silt Excluder. A Silt-Regulator consists of a settling flume ABEF 
^th a smooth bed, say of concrete, the function of which is to cause 
the heavy silt in the water to drop into the lowest possible layers 
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of water. This flume is continued past the canal regulator up to 
the Undersluices, as EDOB \ but the portion of it opposite the 
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regulator is provided with a silt platform, consisting of a slab 
of reinforced concrete, supported on dwarf walls as sho^vn by the 
parallel dotted lines, the platform being raised to a height above 
the floor of the flume by perhaps 5 or 6 feet as may be recjuired. 

The space under the platform and between the dwarf walls 
is called the * Silt Tunnel *. Just upstream of the ‘ Silt Tunnels 
is constructed a light girder bridge with grooves in its piers into 
which can be let down ‘ Silt Raisers * the function of which is 
by creating obstruction on the bed of the flume to throw up the 
silt in the lower layers of water towards the surface and thus cause 
it to be carried over the platform and into the canal instead of 
under it and into the undersluices. 

A modified form of this type of ‘ Silt Tunnel ’ had been put 
in before the lower Chenab Canal regulator in the Chenab River 
Pocket covering two bays of the Undersluices. This ' Silt Tunnel ’ 
was constructed part in 1932-33 and part in 1033-34. This tunnel 
has definitely reduced the silt charges in the canal. This improve- 
ment is reflected in the progressive lowering of the silted bed of 
the main line and the head reaches of the Upper Gugera Branch 
to other off- taking channels. 

Mr. King suggests a second method of controlling silt entry 
into canal headworks depending on curved-wing-cum-silt-vanes 
as shown in Fig. 7. There must be as bofor© a settling flume 
to cause the silt to drop as low as possible. It is shut off from the 
main river, as in the case of the Silt Platform or Silt Regulator 
by a divide wall built to say 5 ft. above maximum supply level. 

Three to six hundred feet downstream of the mouth of the 
settling flume, is built a set of Silt vanes, which terminate, at their 
downstream ends at the divide wall. The longest vanes should 
be so placed that it is not closer to the off-take than 50 or 75 feet, 
depending on the size of the canal. 

When it is desired to exclude the maximum amount of silt 
from the canal, all the sUt sluices are of course kept fully open. 
When it is desired to let a little more silt into the canal the down- 
stream silt sluice is closed. 

Mr. F. V. Elsden in his Irrigation Branch Paper (Punjab 
Irrigation) No. 25 on ' legation Canal Headworks ' gives a design 
for a headworks Regulator. 

Coming down the main line from the headworks if it is found 
that even after the silt exclusion at the head m6re of the coarser 
silt is coming than the main line or its branches can carry, a new 
device of silt ejection is put on the bed of the canal if there is a 
chance of escaping a part of the bed water back to the river itself. 
This device h^ been tried on the Salampur Feeder of the Upper 
Bari Uoab Canal system. This is a modified type of silt-tunnel 
constructed on the bed of the canal. Above the platform of the 
tunnel comparatively silt-free water flows unhindered in the main 
line, while through the opening of the tunnel the bottom silt-laden 
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water is carried away into the escape. The waterway in the tuimel 
is so regulated that there is no obstruction to the passage of water. 
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As we go further down the main line smell distributaries will 
take off. If the silt carrying capacity of these distributaries be 
smaU it will be necessary to exclude further silt. This is effected 
by various devices such as : — 

(а) Silt Vanes. 

(б) Our ved- wing- cum*silt* vanes. 

(e) Silt platform with no guide wing. 

(d) Silt platform with guide wing. 

(e) Curved wing silt-excluder. 

(/) Curved wing with opeoings. 

(g) Raised cill. 

It is not necessary to go into further details about these silt 
excluding devices. Detailed descriptions of these arrangements with 
their comparative merits and demerits will be found in King's Paper 
on * Silt Vanes It will suffice to say that a judicious combination 
of these with proper ffxing of their heights and spacing will be 
necessary to adjust the amount and quality of silt entry into distri- 
butees and minors. It will now ie described how we can iind 
beforehand what grade of sUt a channel with a certain discharge » 
slope and section is able to carry. 

Researches on the silt carrying capacity of alluvial channels 
had been carried on by various workers like du Boy, Dupuit and 
others for very many years. Various formul® have been evolved 
by Kennedy, Lacey and others which have proved of immense 
practical value. But the main difficulty that those investigators 
bad in dealing with this problem was in defining silt. Kennedy 
in his siltometer proposed an instrument which but for minor 
defects would have enabled him to classify silt successfully — some 
of these defects have been since removed by Dr. A. N. Puri and the 
modified sOtometer is being used extensively in the field work in 
the Punjab. A more accurate siltometer had been evolved by 
Dr. Vaidhianathan which is being used constantly for silt invosti- 
garion in the Punjab Irrigation Research Institute. 

Mr. Lacey in his paper on * Stable Channels in Alluvium ’ 
proposed a number of formulas involving the hydraulic data of 
a channel in rdgizae such as the discharge, the velocity, the wetted 
penmeter P, the hydraulic mean depth R, the slope s, and a cbarac- 
temtic number / which he says is connected with the silt of the 
Carmel. He has also given an empirical relation connecting 
/ with d the diameter of the silt particle in inches. 

/ssyT 

Of the various formulas proposed by him the following are funda- 
mental 
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P^ = 2-67Qi .. .. (3) 

and F = 16t/5*S 




These relations have been deduced from a vide range of data 
of rirers and channels from different parts of the world and carrying 
different grades of shingle, boulders, and sand. 

A direct attack on the problem of silt morement and regime 
of channels has been carried out by the writer in the Punjab Irrigation 
Research Institute during the last five years. Hydraulic data and 
bed -si It samples have been collected in the Research Institute 
from canal sites all over the Punjab which are known to be in 
regime. These data and the silt^samples are collected from certain 
sites daily and from others once a week. These samples are analysed 
by the siltometer and silt-size distribution curves (Fig. 8) are 
plotted for every one of them. These curves are very interesting 
and show the life-history of the channels from day to day. It 
is possible only by studying these curves (Fig. 9) to find out if a 
channel is going off regime or not. Prom each of these curves 
the average diameters of the bed-silt samples are worked out and it 
has been proved that this diameter ‘ m ’ is the only quantity tliat 
need be considered in order to characterize the silt sample from 
regime sites. In the subsequent statistical analysis of the problem 
this quantity * m* in mm. has been introduced as a si It -character- 
istic together with other hydraulic data for these regime sites. 
The following relationships have been obtained from these data : — 
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5x10^ = 209^, 

B I 8^ 
^ P ® 6*26 m 


.. ( 5 ) 



P = -47C* .. (7) 


For redesigning or remodelling a channel* it is not very difficult 
to fix Equation (1) or (2) and 'm* from the available 

silt in the channel itself. But to design a system of new channels 
where nothing is known as to the silt that is likely to come to the 
canals from the river, the problem is much more difficult. Enough 
data are not available to show how to or / varies from the head 
regulator of any canal system to the tail end. This is a problem 
which must be solved before the above relationship could be of 

£ tactical uae to project engineers. So that if the project engineer 
Qows what slope he is likely to get in his channel and what discharge 
is going to run in it, from the above relationships he can work 
^t the value of average silt diameter size which the channel could 
carry and then by fitting the head of his distributory with silt 
ejecting platforms or vanes he could get in his channel the required 



grade of silt. So that by a combination of the above two methods 
of silt control he would be able to run his channel smoothly. 
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(iii) Marine. 

(a) Tidal Modtl for the Port of Rangoon, 

Extensive use has been made of working tidal models in the 
past two decades or so, and as outstanding British examples may 
be cited those which have been constructed for the investigation 
of the physical characteristics of the rivers Severn and Mersey. 
It will be seen from the description, below, kindly sent by Sir 
Alexander Gibb and Partners, of an experimental tidal model of the 
Rangoon Approach channels that investigations on a still larger 
scale and of an equally comprehensive nature have also been carried 
out in connection with a river, which, when the work was done, 
ranked as an Indian river. The model was, it is true, constructed 
and operated in London but the basic data had naturally to be 
furnished by the Rangoon Port Staff with whom Sir Alexander 
Gibb and Partners worked in close coUaboration. 

Rangoon, the capital of Burma, is situated on the Rangoon 
River 25 miles from its confluence with the Gulf of Martaban. 
With a yearly export trade of about £5,000,000, it is a most import- 
ant factor in the Country's trade, and its maintenance for ocean- 
going vessels is a fundamental requirement for the prosperity of 
Burma. 

The river, which is three miles wide at its mouth, has been 
subject to periodic change due to the formation and movement 
of shoals. Continuous erosion of the west bank has occurred 
just above Elephant Point to a depth of 1| miles. 

The principal problem in maintaining access to the Port is 
the Outer Bar, an area about six miles wide consisting almost 
wholly of soft silt. This area has deteriorated from 20 feet of depth 
in 1884 to 12 feet in 1931 below datum. The tidal rise above datum 
is 21 feet springs and 12 feet neaps so that a depth of this amount 
interfered with the traffic of the Port. 

It was decided by the Port Commissioners, after discussion 
with their Consulting Engineers, Sir Alexander Gibb and Partners, 
London, to construct a tidal model to ascertain the causes of the 
deterioration and the best means of rectifymg the position. 

The model was constructed to a horixontal scale of 9 in. to 1 
Sea Mile, and 1/16 in. to 1 ft. vertically, an exaggeration of 42 times. 

The time scale of the model was 1 : 583, so that the period 
between successive high tides was 76 seconds. One year occupied 
about 15 hours running of the model. 

The bed of the river and sea was formed of specially selected 
sand, and by a suitable plunger 15 ^.X 2 ft. actuate by machinery 
through a system of epicyclic gearing, the var^nng range of the tide 
from springs to neaps was reproduced. A small plunger reproduced 
the diurnal variation at this place. 

Fans simulated the Monsoon conditions, and varying flows 
in the river as between wet and dry seasons were also reproduced 
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automatically. Silts were introduced into the rivers and soa 
in correct proportions to agree with the density obtaining under 
actual conditions. Alum was added to the Sea water in the model 
to cause an accelerated effect in the settlement of tlie 8ilt-lad<in 
waters of the model necessitated by the exaggerated vertical scale. 
The over-all size of the model was about 50 ft. X 40 ft. 

The model sea bed and rivers were moulded first of all to the 
chart of 1875, and the model was thereafter operated for over fifty 
years, up to the condition of 1932 to check that the changes which 
had occurred at Rangoon were being reproduced in the model. A 
satisfactory check on this was finally obtained. The model was 
also run forward to 1982, and finally to 2916, to ascertain what 
results were likely to occur in future. In addition, tests on Training 
walls, dredged channels, revetments, etc. were undertaken and 
analyzed. The operations in connection with the model experiments 
involved eight separate runs of the model, and the whole of the 
experimental work occupied three years. 

The conclusions reached were * 

(а) That the majority of the silt overlying the Outer Bat 

does not originate from the Rangoon River, but is 
brought eastward from the mouths of the Irrawaddy. 

(б) That cyclic changes in the Outer Bar area \vill always 

occur and that the condition in 1931 had reached its 
maximum deterioration, and improved conditions were 
to be expected in future. 

(c) The Port of Rangoon will always be accessible to vessels 

of the size now using it. 

(d) Artificial works such as training walls and revetments 

are not justified, and would produce no permanent 
advantages. 

(s) A dredged cut, if required, could be carried out and 
maintained, if properly located to take advantage of 
the tidal currents. 

The consideration of the Report led the Port Commissioners 
to inform shipping companies that in view of the small proportion 
of the vessels with large draught which use the Port and which 
alone would benefit fi^m an expensive dredging programme, 
they were not prepared to undertake such works. The Port would 
always be available for vessels up to 28 ft. draught. For vessels 
exceeding this draught, the Commissioners would not undertake 
to provide a passage, and the future design of vessels intending 
to trade to Rangoon should be arranged accordingly. 

Actually, since the issue of the Report in 1936, conditions 
on the Outer Bar region have improved, as indicated by the model, 
uid the ruling depth prevailing is now about 15 feet. 

The accurate working of the model was checked by moulding 
to the 1875 Chart, and after running for a period corresponding 
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to over 50 years, comparing with the 1932 Chart. After two 
consecutive checkings giving reasonably correct and comparable 
results, the Model was set at 1932 and run forward a period of about 
50 years, to foreshadow the natural tendencies of the unregulated 
river. The various possible methods for improving conditions and 
securing a permanent and adequate approach channel were then 
tried out in detail. 

The principal points in which this Model shows some departure 
from previous Tidal Models are : — 

1. It is believed to be the largest Tidal Model as yet 

attempted. 

2. The propagation of the tides in the estuary at right 

angles to the outflow of the river. 

3. The use of erodible banks. (In previous models banks 

of rivers and estuaries have been formed of rigid 

materials). 

4. The use of different coloured sands and silts. 

5. The special arrangements to produce diurnal variation. 

6. The automatic control and variation of upland water 

as between monsoon and dry weather periods. 

7. The variations in silt content as between monsoon 

and dry weather periods. 

8. The automatic variation of the discharge weir in order 

to maintain a constant mean sea level. 

(6) Tidal Model of Bombay Harbour. 

This model * is of special interest as being the only tidal model 
of any importance which, so far as the compiler of this chapter 
knows, has been constructed and operated in India. 

The model was formed to a horizontal scale of 10 inches to a 
sea mile and a vertical scale of 1 inch to 8 feet. It reproduced 
an area of 120 square miles comprised in the Harbour. The scale 
was such that 9,667 tides could be created in the model in tho course 
of a week’s working. The mechanism for propagating the tidal 
effects gave an accurate rotation of spring and neap tides. 

The main object for which the model was constructed was the 
investigation of a site for a new dock system, but it was also used 
for other purposes. A proposal had been put forward for tlie 
dredging of a large area on the western side of the Harbour. The 
model indicated, however, that a bar would be formed at the north 
end of the area which it was proposed to dredge and tbat this 
would affect the main channel to the docks. On the strength 
of this, a definite limit was set to the extent of the dredging opera- 
tions. There was also a proposal to discharge crude sewage at 


1 Procitdings o/ (he Inetitulion oj Civil Engineers, Paper No. 4769 by 
McClure. 
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the northern end of Bombay Harbour, in the belief that it wou d 
be adequately diluted in the great volume of water contamed in 
the Harbour. The model showed in a convincing manner the 
cumulative results of the proposed sewage discharge and it brought 
out the fact that this effect would be specially marked on the 
commercial side of the Harbour. The scheme was then abandoned. 
Interesting information was also obtained regarding the distribution 

ofsilt in the Harbour. _ . , , , , , 

Although the results so far obtained from this model have been 
of a negative character, the Port of Bombay has now in iU posscMion 
a mass of information, obtained from the model, which nijy 
great value when, at some indefinite date, the expansion of India s 
foreign trade brings up again the question of an extension of the 
Bombay docks. 


(c) Modtl for investigating liUoral drift at Vizagapatam. 

The conditions at the entrance to Vizagapatam Harbour 
were particularly suitable for investigation by means of a working 
model. It was concluded from inferences drawn from other more 
or less parallel cases and from observations of the conditions which 
prevailed at Vizagapatam, that the difficulties which had to be 
surmounted would arise almost entirely from one source, namely 
from wave action. Whilst it was true that the wave action was 
invariably due in the first instance to winds, there was sufficient 
evidence to show that if the wave action could accurately be repro- 
duced by a mechanism, the subsidiary effects of wind could be 
ignored. Similarly it was concluded that the effects of tidal 
currents, which are very feeble on that part of the coast, could bo 
discounted ; if the adverse effects of wave action could be countered, 
then there would be no difficulty in dealing with any sand move- 
ments directly caused by tidal currenta. 

It was also considered that the area of sea in which it was 
necessary to investigate the physical conditions was a very restricted 
one. TUs brought with it the great advantage of its being possible 
to construct the model to a natural scale instead of having, as is 
usually the case, different horizontal and vertical scales. Nor 
was there any necessity to attempt to reproduce the salinity of the 
water, or its silt content. The problem was exclusive that of investi- 
gating the effects of wave action on the outer channel of the Harbour 

of deducing the moat advantageous position in which to site a 
Protective Work of the type which has b^n described in Section II 
(iv) above. 

The model was constructed to reproduce to a scale of 1/100 
an area of the sea-bed, roughly 4,500 feet long by 2,500 feet broad. 
Extensive observations had been made of the direction, height, 
length and other ohaiaoteristics of the waves which pass into this 
area during the South-West Monsoon. The wave action was 
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induced in the model by a triangular diapacer at the extreme 
seaward edge of the area in question. Experiments on the travel 
of the sand were not started until the correct alignment, level, 
section and stroke of the displacer had been ascertained by trial. 
The directions of the waves vary appreciably, as a result of difirac- 
tion, over the area and it was found possible, after a number of 
trials, to reproduce these with great exactitude. 

The effect of the littoral drift occasioned by the wave action 
upon a short length of channel, which had been dredged in the 
previous calm season, was accurately known and this effect, too, 
was found to be closely reproduced in the model, once the displacer 
had been accurately sited. 

The problem of determining the best alignment for the Protec- 
tive Work was then attacked. Models of Breakwaters of various 
types and lengths were successively placed upon the bed of the 
model and the behaviour of the sand and other phenomena were 
carefully observed. The alignment, length, shape and position 
of the Breakwater, as actuaUy constructed, were determined 
directly from the results of these experiments ; for it was felt that 
whatever error might be inherent in the model, no surer guidance 
was in any event available. 

A factor of great importance in the situation was the degree 
of tranquillity which could be produced under the lee of the Break- 
water in the area in which dredging operations would have to be 
carried on. On this point it was felt that the indications given 
by the model could be accepted with a large degree of assurance ; 
nor was it eventually found that this confidence had been misplaced. 

Whilst the qualitative results given by the model were from 
the onset believed to be reliable, it must be confessed that the quanti- 
tative results were accepted with a certain degree of reserve. 
Nevertheless, when it became possible, after the Breakwater 
had been constructed, to compare actual results with those which 
had been predicted by the model, a close parallel was found. 
Doubts have been cast on the feasibility of obtaining reliable 
results by the use of a model such as tliis in which the sand employedi 
though of the very finest, reproduced, to actual scale, a mass of 
small pebbles. However this may be, the fact remains that a very 
close parallel was established, and it has possibly been overlooked 
by some that the reaction between the water and the wet sand, 
both in the model and in the prototype, is that between a compara- 
tively liglit and a heavy fluid. 

It has been stated above that the model was constructed to 
a natural scale ; nevertheless, there was one factor which as a matter 
of course was to a different scale, namely that of time. Time 
passed, as it were, through the model, at an arbitrary pace. The 
scale of the model was 1/100. The scale of wave velocity was, 
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therefore, 


approximately 



1 

10 * 


In order to reproduce the 


true wavelength it was, therefore, necessary to propel ten times as 
many waves across the model as would actually occur in the 
prototype in the same period. It was consequently possible to 
reproduce, in a period of twenty*foar hours, the effects of the 
monsoon during a spell of ten days. 


(iv) The Stresses m a Steel Stbuotube. 

Whilst the stresses in a steel structure can, in the majority 
of cases, be determined by simple methods with a reasonable degree 
of accuracy, instances do occur in which, whilst the stresses cannot 
be said to be indeterminate, the Engineer has the choice between 
making one or more arbitrary assumptions, and carrying out a 
most irksome and laborious mathematical analysis. 

The little instance given below of the use, in conjunction with 
each other, of two new methods for the accurate computation 
of the stresses in a steel structure of a difficult type is of interest 
to the writer partly on account of the facts that the investigations 
were carried out by the designer, Mr. G. Wilson, on his behalf 
and that it fell to him to urge that the conclusions which could 
be drawn from the two methods of attack be compared before 
the figures were finally accepted. This personal concern in the 
case is doubtless insufficient to warrant a reference to it in this 
connection, but it may be that the matter will excite the interest 
of other Engineers dealing with similar problems, and this is the 
sole justification which is now put foxward. 

The sources of the methods of treatment of the problem are 
not Indian sources, but it can be claimed that the methods have 
been brought into juxtaposition in India, and possibly, in view 
of their recent origin, for the first time. Professor Hardy Cross 
of the University of Illinois, U.S.A., has recently brought out for 
such etruotuies as are referr^ to above, a mathematical treatment 
which he calls * The Column Analogy *. It will be gathered from 
Mr. Wilson’s description below that, though really simple, it requires 
a series of efforts of the imagination. One has to pretend that 
a B^cture, subject to stresses acting parallel to a section through 
it, is really functioning as a column sustaining loads acting in a 
^rection normal to the section. It has also to be supposed that 
these loads take the form of moments — a state of affairs which 
is about as easy to visualize as is the fourth dimension. Having 
thus adjusted one’s thoughts, the correct result follows as a matter 
of course. 

Whilst Professor Hardy Cross was engaged upon his theory, 
^wo British investigators were obtaining us^zl results from celluloid 
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models. The models for use under this method corresponded 
in general shape to that of the structure under investigation, but 
the actual sections were determined in relation, not to the sections 
of the members comp>osing the structure, but to a function of these. 

The design of the structure referred to below was arrived at 
by the first method, but verified by the second method, with 
results which may be judged from Mr. Wilson’s description which 
follows. 

The Turbine House of Messrs. The Calcutta Electric Supply 
Cor|>ora(ion’s New Generating Station at Mulajore will be a steel 
framed structure : the main building will be 320 feet long by 62 
feet wide, between centres of main columns, and it will be flanked 
by an annexe on each side. 

The main columns are spaced at 20 feet centres longitudinally 
and carry crane girders for a 100 ton and a 15 ton crane in the 
maiti building and a 10 ton crane in the eastern annexe ; these 
columns are connected in pairs across their tops by transverse 
roof girders, which carry north light roof trusses : the roof itself 
consists of a reinforced concrete slab resting on steel purlins carried 
on these trusses : the walls of the building are of brick and are 
carried on steel beams framed into the structure. The structure 
is 71' 3* high from the column baseplates to the centre line of the 
roof girders which are 10 feet deep. 

The basic assumption underlying the design is that the main 
columns and roof girders form a series of portal frames the columns 
of which are fixed at the base, and that these resist all lateral 
loads : the columns in the annexes carrying only vertical loads. 

The lateral forces considered were those due to the force of 
the wind and the surge of the cranes. 

The maximum wind load is 19 4 tons and the maximum 
crane surge 14 tons per frame r allowance has, however, been made 
for the transference of 5 tons of the crane surge to the f^jacent 
frames through horizontal bracing which is provided at the level 
of the bottom chords of the roof girders : the transfer occurs 
because the more heavily loaded frame can only deflect more than 
the adjacent frames by the amount of the lateral stretch in the 

members of the roof bracing. ^ * mi. i 

The main frames were designed by means of The Column 
Analogy an exceedingly simple, though mathematically exact 
method of determining moments in encastr^ beams, hyperstatic 
arches and single portab. This method, which is due to Profe^or 
Hardy Cross of the University of Illinois, U.S.A., may briefly 
be described as follows : — 

First, consider the intermediate single span plane structure, 
which is to be designed, and which is subjected to any system of 
known loads : introduce imaginarj- hinges or cuts, at such pomts 
as will render the frame statically determinate, and draw a curve 
of moments for the loading in question. 
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Second, picture a short length of column, a section of which 
has the same shape as the side elevation of tlie axis of the indeter- 
minate structure under consideration, and a very small width, i.e., 
inveieely the product of the modulus of elasticity and the moment 
of inertia of the corresponding cross-section of the structure. 

Third, load this imaginary column with an intensity of Ic^d 
equal at any point to the bending moment at the corresponding 
point of the structure just computed for the imaginary statically 
determinate condition. 

The change in moment at any point of the actual structure 
due to restraint, i.e. to the removal of the imaginary hinges or cuts, 
wiU now equal the fibre stresse.s which would exist at the correspond- 
ing point in the imaginary column. 

‘ The Column Analogy * was used to determine the stresses 
in the portal frames due to a series of horizontal and vertical loads 
at various points and the total stresses due to the various combina- 
tions of loads were obtained from these by multiplication and 
tabulation. 

A check on the work was obtained by testing an unloaded 
model, as described recently by Messrs. Pippard and Sparkes 
in the Journal of the Institution of Civil Engineers. The principle 
of the unloaded model is that if a known translation or rotation is 
applied at any support, then the reaction in the direction of the 
applied translation, or the bending moment, at that support due to 
any force applied in any direction to any point of the frame is 
equal to the deflection (in the direction of the force) of the point 
of application of the force due to the applied translation or rotations 
divided by the amount of the applied translation or rotation. 

The moment of inertia of the cross-section of the model at 
any point must bo proportional to the moment of inertia of the 
corresponding point of the actual structure. 

In this case the model was cut out of celluloid, the axis being 
set down to a scale of a quarter of an inch to the foot. 

The results were most gratifying. In the case of horizontal 
loads applied at various levels, the landing momenta at the bases 
of the columns obtained from the model checked in every case 
within 6 per cent, of the values obtained by calculation. In the 
case of eccentrio vertical loads acting at various points the results 
were not quite as good, but the only serious differences occurred 
in cases where the load caused a very small bending moment at 
the base of the column. In such cases, the deflections were small 
and difficult to measure r also the differences, though relatively 
^aige, were absolutely small. 

IV. COKOLTTDmO Kote. 

The compiler of the chapter wishes to express his deep obliga- 
tion to his collaborators, who have provided almost the whole of 
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the matter comprised in this chapter. The descriptions of work 
done and of investigations carried out have all been furnished by 
busy engineers, and their contributions have entailed on them a 
real sacrifice of valuable time. The subjects dealt with are very 
varied, though it is true that it has not been possible to cover the 
whole of the ground. There has, too, been great diversity in the 
framing of the several parts of the Memoir. It is feared that few 
people will be equally interested in all the topics, but it is hoped 
that this very diversity, both in the method of presentation and in 
the subject-matter itself, will make it possible for most readers to 
find some portion or other which will in a measure accord with 
their tastes. 
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workeri< in this country. It should thus be possible to obtain a 
general idea of the special fields that are being traversed and the 
progress made. It is by no means a compendium of the work of 
all the workers, as it was never hoped to accomplish a task of such 
magnitude within the limits assigned to this chapter. There must 
he, therefore, many omissions, for whicli the author hastens to 
apologize to the workers concerned. 

Physiology has been, in the truest sense, a handmaiden of 
medicine in this country. It is only lately, that it has been able to 
claim a more or less independent existence. Amongst the earlier 
Physiologists, we have had some excellent teachers, such as Me Cay 
and Mahalanobis in Calcutta, Moorehead, Meyer and Hutchinson 
in Bona bay, Donovan in ISIadras and Caleb in Lahore, who organized 
the teaching of Physiology on sound lines in the Medical Colleges 
and Universities. The number of workers in this subject during 
the last 15 years or so has steadily increased and consequently 
there has been a marked increase in the output of research work. 
The problems, which liave attracted special Attention, are those 
concerned with digestion, motabolism, nutrition, vitamins, blood 
and the cardie •vascular system. Attempts are also being made to 
determine normal physiological constants for the inhabitants of 
the country, This is all to the good. The data so collected 
it is hoped, form the foundation of the science of Anthropological 
and Tropical Physiology. 

Much impetus was given to the study of the subject by the 
establishment of a separate section of Physiology in the Indian 
Science Coiigre.'w in 1D3C, and by the organization of certain societies, 
notably the Physiological Society of India, Society of Biological 
Chemists, India, etc. Certain Medical Colleges abo were pioneers 
in startin g Physiological Soc ieties ( Bombay a nd Lu cknow ) . Another 
noteworthy event is the introduction of pharmacology in 
the medical curriculum of Indian Universities and for post- 
graduate studies at the School of Tropical Medicine. CalcutU. 
Pharmacology is intimately connected to physiolo^, and the 
important researches that have been carried out during the last 
two decades have helped in elucidating many phenomena of interest 
both to physiology and tropical medicine. The future appears to 
be very bright, and it is to be hoped, that the science of Physiology 
ill India will make rapid strides In the years to come. 


II. Blood. 

A large number of investigations have been carried out on 

the cytology and chemistry of blo<^. j r 

Chatterji has shown that the two well-known methods ot 
measuring the diameters of red blood corpuscles, viz., by the 
Camera Lucida and by Halometer give remarkably different results. 
He lays stress on tlic estimation of the thickness of these corpuscles 
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along with their diameter, and the total volume of each corpuscle 
rather than the diameter alone. Napier and Gupta found it 
necessary to have accurate measurements of the dimensions of 
red blood corpuscles. They compared different methods in vogue, 
e.g., halometric, Price- Jones, eto., and concluded that the packed 
cell method is, with a few modifications, the most convenient. 

Basu. Ghosh and Ghosh have shown that the red blood 
corpuscles get crenated even in normal saline and enlarge in con- 
centrated saline solution. Basu has made further studies on the 
subject, and gives an explanation of the phenomenon. 

Dhar has carried out hematological studies in non-pregnant 
healthy Indian (Bengalee) women, between the ages of 16 and 35 
years, and has found that the average count of reticulocytes was 
0*945% of red cells, the extremes being 2% and 0*3%. Of theso 
estimations 93% were between the range of *3% to 1*4% which 
may be considered to be the normal range for Indian women. 
N. C. Bhattacharya has studied the structure of the human red 
blood corpuscles. 

Chowdhary and Basu have recommended the thick film method 
for differential leucocyte count in case of leucopenia and extreme 
ansemia. 

D. M. Telang in connection with work on the biophysics and 
biochemistry of blood in human tuberculosis studied the sus- 

g nsion stability of the blood In normal subjects and in tuberculosis. 

e concluded that in tuberculosis this test serves only as a negative 
diagnostic test, but that it is of great value in the prognosis 
of the disease as well as in following up its progress in a given line 
of treatment. He also found : (a) that both systolic and diastolic 
blood pressures in tuberculosis are below normal, but that the 
pulse pressure is not materially altered in the disease, and (6) that 
while the calcium content of blood in tuberculosis is below normal, 
the sugar, urea and chloride tents are not affected. 

Mathur has shown that the percentage of haemoglobin in healthy 
Indians of Lucknow averages between 75 to 80% of the normal, 
and that there is a regular rise and fall in this in accordance with 
the rise and fall of outside temperature. He has also shown that 
vulture’s and fowl’s blood resemble each other so far as coagulation 
IB concerned, although vulture is a meat -eater and the fowl a 
y^®^We-eater. The coagulation of blood of both animals is 
mdefinitely delayed, if its plasma protein complex is not allowed 
to ^tne in contact with tissue fluid, and is hastened if it is agitated 
^th a water-wettable substance or brought in contact with tissue 
specially glandular tissues. Thus this peculiar feature of 
delayed coagulation in birds (fowls and vultures) does not depend 
uiets, but on some other factors. 

M. Banner]! and D. N. IduHik have described a modified 
Wu fl method for micro-estimation of haemoglobin, and have deter- 
®Uied the Hb-content of Indian blood by this method. 
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S. C. Sen and G. N. Bera have studied the coagulation time 
of tl)e blood of Indians, and of tlie blood of guinea-pigs and rabbits. 

B. B. Sarkar has made observations on the haemostatic pro- 
perties of ayapin and ayapanin. 

Chopra and Mukherjee have shown that the viscosity of blood 
sera is lowered with increasing concentration of NaCl. Since a 
change in viscosity of plasma infliiences the h^'drostatlc pressure 
of the circulation and therefore the rates of transudation and exuda- 
tion of tissue fluids, it becomes obvious why salt free diets would 
be benefleiat in cases of cederua. 

S. C. Devdutta and his assistants have found that no direct 
relation could he traced between the fall in concentration of sugar 
and the formation of lactic acid in blood, in serum or in corpuscles. 
Sugar does not disappear completely. Both components, serum 
and corpuscles are necessary for glycolysis. S. S. Cowlagi ha.^ 
also worked on the subject. 

In order to have a better understanding of the various chemical 
processes taking place in the blood during each respiratory cycle, 
S. C. Devdatta has studied the ratio of the concentration of lactate 
in the corpuscles and in plasma. In the case of fatigued animals 
and subjects, this ratio is low*er than that observed in resting 
animals and subjects. This change in ratio is not due to a delay 
in the diffusion of the lactate from the plasma into the corpuscles, 
nor to the presence of some indifFusible substances estimated as 
lactate in the corpuscles or plasma. TIus ratio is found to be 
raised by increase<l partial pressure of carbon dioxide or by 
decreased partial press it re of oxygen or by increased hydrogen- ion 
concentration. These facts lead to the ooneliiaion that the ‘ lactate 
shift * is analogous to the ‘ chloride shift and occurs during cadi 
respiratory cycle in the blood, which may become of importance 
in connection with the buflTering of the blood in conditions of oxygen 
clobt. The same outhor has investigated the ratio of the con- 
centration of lactate in the corpuscles and in the plasma in the 
blood of pernicious antcmia patients, wherein he finds that the • 
ratio is more than unity which shows that the concentration of 
lactate is higher in corpuscles than in plasma. Tins moy he attri- 
buted to the higher content of haemoglobin in the cells, 

fhorles Reid and B. Narayana have found that starvation 
decreases and the administration of food increases the rat-e of 
glycolysis in blood. They say, that the factors respond hlo for 
glVcoly-sts in blood arc present in both crvthroeytcs and serum. 
The .same authors in their * Studies in Blood /)»Wrrse ’ find that the 
blood diastase decrease.s after meals, injections of glucose, glycogen 
and insulin, while anfcsthetics and injections of starch cause a 
slight increase. Sinee pancreatectomy causes little or no change 
In the amount of circulating diastase, the pancreas is not the main 
source of blood diastase. Ligature of pancreatic duet does not 
result in any striking change in the diastase content of the blood 
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in the course of one or two weeks. Since definite variations can 
be induced in the blood diastase by injections of insulin, glycogen, 
etc., it appears likely that the circulating diastase is not entirely a 
waste product on its way to excretion. Evidence is adduced that 
the variations in blood diastase are probably due to its being 
taken up or given out by the liver cells, etc., according to tlie. require- 
ments of the body with respect to the glycogen -glucose equilibrium 
probably In association with insulin. 

Hughes and his co-workers found that serum calciutn in normal 
Punjabi is higher than the normal residents in temperate climate. 
Oral administration of Vitamins A and D produces changes in serum 
calcium and plasma cholesterol. Cases of osteomalacia treated 
with Vitamin D were found to recover slowly but the addition of 
Vitamin A caused a quicker rise in serum calcium and also recovery 
of patients. 

*Sen and Chowdhury have shown that glucose injections incrcusc 
the calcium-content of blood, although adrenaline injection, which 
brings about increase of blood sugar, does not cause nn increase 
in calcium -content. Adrenaline injection following sugar injection 
causes a great rise in sugar content of blood without causing an 
increase in calcium-content. Further, if adrenaline be injected after 
the calcium -content of blood is raised by glucose injection, the curve 
of calcium in blood gradually comes down to normal. If glucose be 
injected after adrenaline no change of the calcium-content takes 
place. 

Hughes and Malik found initial blood sugar abnormally high 
ui patients suffering from diseases other than diabetes and endocrine 
disturbances. ^Derangement of glycogenic function of the liver due 
to previous history of malaria is suspected. 

Chopra and Bose, and Chopra, Bose and De found that opium 
m small doses had no influence on the blood sugar of normal in- 
dividuals or patients suffering from Nephritis or diabetes. 

Basu reports that injection of emetine in rabbits and rats causes 
•an increase in blood sugar by stimulating vagus nerves. 

8 . Prasad and B. B. Sen found that Evipan Sodium in anesthetic 
doses raises the blood sugar of the rabbit. 

B. N. Cbatterjee has studied the effect of iron on hsemogenic 
organs and finds that the administration of moderate doses of 
Ammon, citras (green) in normal puppies does not alter 
the blood picture as far as the leucocytes are concerned. In most 
5^8 a definite increase of reticular normocytes has been noted 
towards the end of the period of iron administration. There la 
an increased activity of red blood cell forming organs like spleen 
and ^ne marrow as results of iron treatment. 

K. N. Chopra baa made observations on the h<Bmolijsia caused 
by Snake venoms, and finds that passing the venom solutions {(^bra 
and Eu^Ps .viper) through the Seitz filter renders them non- 
•wnolytio, that the Seitz-filtrate of venom solutions are not reaoti- 
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vated by lecithin. In the filtrate from cobra venom solutions the 
vascular effect is altogether absent, the respire*. bory effect being 
only slightly effected, whereas in the case of Russell’s viper venom, 
filtrate through a Seitz filter has a marked effect on both these 
properties. 

Sen in his researches on hemolysis finds that normal serum 
can act as haemolytic as well as anti -haemolytic agent depending 
upon circumstances. The effect on serum can be initiated by sub- 
stances which give hydro sy! ions. 

Sen and Roy have shown that methyl-, ethyl- and diethyl- 
amines, piperidine and ammonia cause acceleration or inhibition of 
haemolysis depending upon whether they are added with or after 
sensitizers. N. M. Basu and B. P. Datta have made observations 
on Ponder's method of determining percentage hemolysis of blood 
caused by various haemolytic agents. 

Biswas has studied the infiuence of antibody formation of the 
pseudo -globulin fraction of normal serum and notices that the 
anti -scrum pseudo -globulin absorbs the H-ions of oxalic acid less 
effectively than normal serum pseudo-globulin. Further, anti- serum 
pseudoglobulin absorbs OH-ions from NaOH solution in the same 
way as normal scrum pseudo -globulin does. In the case of titra- 
tion with NajCO| and oxalic acid, the anti-serum pseudo -globulin 
behaves in a different way from normal serum -pseudo -globulin. 

Boyd and Roy reported a definite increase in the choUsterol 
content in blood in Filaria, the average increase being 0*146% as 
against the normal average of 01 16%. Hughes and bis co-workers 
observed that in osteomalacia, there is low plasma choles^rol. 
Improvement in the clinical condition on treatment with Vitamins A 
and D and calcium glycerophosphate is associated with a rise 
in cholesterol content. Ghosh determined the cholesterol content 
of a large number of normal and pathological blood specimens in 
Indians. He discusses the significance of blood cholesterol in 
jaundice, and finds that the cholesterol content of blood of Indians^ 
is about 40 mgms. per cent less than the European and American 

standards. . , ^ 

Sankaran reports that uric acid was present in about 30 times 

the normal concentration in the blood plasma of a fowl kept on 
Vitamin A deficient diet for 12 weeks. The excess of uric acid in 
blood was not directly due to Vitamin A deficiency, but was caused 
bv a pyropboresis consequent on Vitamin A deficiency. 

S N. Ray and R. Ganguly have found that the iron and copper 
contents of the blood of normal Bengali subjects are 39’0 mg. and 
01 4 mg. per 100 C.o. respectively. 

S S. Sokhey, S. K. Gokhale, M. A. Malandkar, and H. o. 
Billimoria have worked out the standards for the normal averages 
bv the study of bloods of 121 healthy young men from the 
Bombay Presidency between the ages of 19 and 30 years. They 
have used the Van Slyke oxygen capacity method for the deter- 
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mmation of hasmoglobin. Their average haemoglobin figure agrees 
with that of two other series examined in Amenca m which haemo- 
fflohin was determined by the Van Slyke’s method. They have 
studied the shrinkage of oeUs in blood caused by the use of potassium 
oxalate They have also recommended for clinical work an accurate 
alternative calorimetric method to Van Slyke’s oxygen capacity 

method for hemoglobin determination. j is a 

S. S. Sokhey, S. K. Gokhale. M. A. Malandkar, and H. b. 
Billimoria have similarly worked out standards for the normal 
averages by the study of 101 healthy young women from the 
Bombay Presidency between the ages of 16 and 30 years. 


HI. Tbb Cardio-Vascuxab System. 

D. M. Telang in his studies of Electrocardiography descril^d 
the electrocardiograms obtained from more than 50 normal in- 
dividuals and showed that in the tracings of Indians no appreciable 
difference can be noted in the various wave amplitudes and time 
intervals from the accepted western standards. G. R. McRobert 
describee how to take care of the electrocardiograph in the Tropics. 

Pal has shown that drugs which stimulate cardiac vagus or 
syinpatheUc produce vagus or acclersuia substances in the heart. 
Further, antagonistic drugs which paralyse thsse nerve terminals, 
produce antisubstances in the heart acted upon. Drugs which 
act on the ganglia produce also some corresponding chemical 
substances in the heart. Gupta has also investigated the vagus 
and sympathetic tone on the ca^io* vascular system and has demon- 
strated : (a) that Eppinger and Hess's conclusions about the 
antagonistic and exactly balancing nature of va^a and sympathetic 
nerves on the card! o- vascular system are not quite correct, for there 
may be a predominating infiuence on the one or the other under 
normal physiological conditions, (6) that the normal state of the 
system is maintained by a duplicate mechanism without a real 
antagonism, a central predominating vagns tone being exerted on 
the heart, whereas the sympathetic exerts its predominating tonic 
influence on the peripheral vessels, and (e) that a correlation between 
the two systems exists, for in the case of a greater vc^us tone, 
there is a more potential sympathetio tone. 

Gupta in studying the nervous regulation of car dio -vascular 
reactions has shown : (o) that the narcosis cannot exclude all the 
existing influences coming from the cerebrum and the higher 
centres to the cardio- vascular system ; (6) that the cerebrum and 
higher centres normally inhibit the toxicity of presso -receptor 
tierves which cannot be marked completely by narcosis, (c) that 
the effect of adrenaline becomes pronounced only when these inhibi* 
tory influences from the higher centres are completely out off, 
(d) that the effects of decerebration vary accord!^ to the plane 
through which the section passes, and (e) that probably between 
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thalamus and caudal part of the red nucleus there exist some 
centres controlling the respiratory function and there is probably 
a coupling of functions between circulation and respiration in this 
area. 

Maitra thinks that cases of sudden death due to heart failure 
caused generaUy by coronary insufficiency may be averted by 
improving coronary circulation by inducing anoxemia either by 
Prannyama, or by taking orally in the morning and in the evening 
one drop of 2% HCN solution, when early symptoms of pain or 
any other embarrassment of the heart appears. 

A. Subba Bao ei al have done important work on coronary 
circulation. 

S- W. Hardikar has devised a recording outflow meter. It 
works on the principle of the siphon. The recording is done by 
means of the two tambour method. The outflowing fluid falls 
on the flattened end of the lever of one tambour and the impact is 
communicated by air to the writing lever of the other tambour. 
The advantages claimed are the ease of operation and adjustment, 
freedom from electrical contacts and very short working distance, 
which makes the instrument suitable for introduction into a closed 
circuit experiment on cardiac output, when the volume of drug 
solution under investigation is desired to be kept at a minimum. 

S. A. Rahman and R. N. Abhyankar describe a method by 
which the recording system becomes highly sensitive to the changes 
of pressure in the perfusion fluid. In some of the experiments the 
periusion fluid was made to enter the left systemic arch, and after 
having passed through the vascular system was allowed to escape 
through a cut at the apex of the ventricle. In the other experiments, 
the posterior extremities alone were perfused, the fluid entering the 
abdominal aorta, and after passing through the vessels of the legs 
escaped through the anterior abdominal vein. In both the cases 
the perfusion pressure tracings show a wavy character. The waves 
seem to be caused by the rhythmic contractions and relaxations 
of the blood vessels of the frog. They discuss other influences 
also, such as movements of the viscera in causing the waves or in 
modifying their character. Adrenaline tends to obliterate the 
waves. Ergotoxine, barium chloride, and ophedrine exaggerate 
the wave.«*. Janus Green has no effect on them. The action of 
pituitrin is variable. 

W. Burridge has investigated the reaction of heart to drugs. 
This included the exploration of a hitherto underscribed territory 
of drug action, where drugs acted at dilutions so great as one part 
in one billion or 10'*. From certain results obtained through 
strychnine, sparteine, atropine, etc.. It becomes reasonably certain 
that this territory is actually corresponding to the clinical use 
of drugs. The traditional methods of experiment, still used in 
many la hora tones, not only fail to reveal this territory but a ho 
may give results opposed to clinical findings. The results of some 
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of this work wore eventually summarized in the book ‘ Excitability — 

A Cardiac Study *. In it were expounded for the first time the 
laws, which govern the stimulation of active beating hearts, and 
their modes of behaviour when so stimulated. Also a new pro- 
perty of rhythmic tissues was described and called ‘ respemsivenw \ 
It may be defined as the capacity of rhythmically active tissues to 
have thoir activity modified through environmental change. It 
differs profoundly from the property termed ' cxcit<tbilUt/\ which 
has been studied so much in the musclc-nerve preparation. The 
new knowledge of rhythmical structures thus gathered togetlier 
enables its possessor to recognize, that a living organ has rhythmical 
action, from its reactions to its natural stimulation. Tlie individual 
efforts may not be cognizable directly, but their existence can be 
deduced from the behaviour with the same reasonable certainty, as 
that with which vibration can be deduced to exist in a tuning fork, 
when it emits a musical note. According to Burridge the behaviour 
of central nervous and sensory end* organs demonstrates in them the 
existence of a rhythmical activity. The consequences thereof are 
examined in his book * A new Physiology of Sensation Ho says 
that this examination demonstrates that much of what was hitherto 
passed as sound science in these matters is actually a scries of 
artificial puzzles providing many differing solutions. The artificial 
puzzles are provided by presuming that natural stimulation is the 
same process as that of exciting the members of the frog's muscle- 
nerve preparation with electric currents, whereas it actually is 
the same as the stimulation of a beating heart with a drug. As a 
result of this fundamental change of conception such physiological 
phenomena, as those of the properties of colours, and of colour- 
blindness have now become matters of simple deduction. In his 
book * A new Physiological Psychology Burridge has made pre- 
dictions of previously unknown facte, and elaborated new doctrines 
which are of profound interest. 

Pal has shown that LugoPs iodine solution slows, but at the 
same time augments a normal frog's heart, that thyroxine in small 
doses slightly accelerates the heart, with diminished auricular 
complex, on prolonged action the heart becomes irregular with 
grouped beats ; and that Lugol’s iodine solution can remove com- 
pletely this toxic effect and make the heart regular. Potassium 
iodide present in Lugol's solution is not responsible for this action. 

S. A. Rahman and R. N. Abhyankar in their work on perfriaion 
of the hearts of Indian fr'ogs {JRana iigrina) found that sheeps' 
defibrinated and dUuted blood increased both the rate and range of 
the heart- beat. Bayliss's solution was found to give most satis- 
factory results. Glucose was found to be of definite advantage in 
prolonging the survival period of the heart and in bringing about 
the regularity of beats after they become irregular, by using 
ft solution not containing glucose. Solutions made in tap water 
gave better results than those made in distilled water. 


5$4 


PROGRESS OP SCIENCE IN INDIA 


B. Naray«'ina has demised a preparation to perfuse the blood 
vessels of the stomach and gut of the frog and its response to drugs. 

R, N. Abhyankar has elaborated a new method for investigat. 
ion of the action of drugs on the vascular system of frog. 

M, Basu has studi^ the action of Cobra venom on the heart 
of frogs and some tissues of the body. 

N. M. Basu and P. C. Gupta have made a comparative study of 
the action of cobra venom and Tincture of Digitalis on frog's heart 
and have published a note on the effect of Cobra venom in Ca.free 
Ringer’s Solution on the same heart. 

N. M. Basu has studied the action of neo-stibosan, urea sto- 
bosan and histamine on frog's heart. 

N. M. Basu has studied the effects of perfusion of frog's heart 
by Brihad Ka^turi Bhutan. 

N. hU Basu and P. C. Gupta have studied the action of musk 
in ether on frog's heart. 

N. C. Bhattacbarya has studied the action of strychnine on 
the dying heart. 

S. M. Banerji ha.s written a note on the comparative effects of 
cardiozol and adrenaline on blood pressure and respiration of a 
cat. 

N. M. Basu has made observation on the relation of blood 
pressure to age, height, pulse and weight of some Bengalee Hindu 
gentlemen. 

G. C. Gupta, P. Guha and P. C. Mahalanobis have estimated 
the systolic and diastolic blood pressure of 800 males of ages varying 
from 6 to CO years. They have further extended the work, and 
measurements have been made on 2,100 male convicts or undertnal 
prisoners. 

IV. Respiration. 

$. L. Bhatia estimated the normal standards of Vital Capacity 
in Indians (Bombay), to see how far they differed from the standards 
given for people in Europe. 100 normal subjects, all males, were 
examined. The ages varied between 20 and 45. The results 
showed that their vital capacity figures were smaller than the 
accepted standards for Europeans. A great majority of them had 
vital capacities between 70 and 90% of the normal. While the 
average vital capacity of Europeans is 3500 c.c. or over, and 2500 
c.c. per square meter of body surfeoe area, for Indians the figures 
are about 3091 c.c. and 1960 c.c. respectively. 

B. T. Krishnan and C. Vareed made a study of the Vital 
Oil pa cities of South Indians, and found the average figures for 198 
men to be 3*05 litres, 1*93 litres per square meter of body surface 
area and 18*5 c.c. per C.A. standing height. This is 76*4% of the 
average for American men. They also found that the average vital 
capacity of 23 women was 2*20 litres, which is 74*6% of the average 
Americ«in women. 
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Mason found the average for South Indian women to be 2*15 
Subba Rao is investigating tho vital capacity of lungs at 

Mysore. 

A. S. Dale and B. Narayana made observations on the isolated 
lungs of the guinea pig perfused through pulmonary artery with 
modihed Ringer or TjTode Solution and found that excitation of 
the cervical vagi or injection of acetylcholine causes broncho* 
constriction and vasoconstriction. These effects arc abolislicd by 
atropine but are unaffected by eserine. Acetylcholine caused 
vasodilatation in one experiment only, In one of the four experi- 
ments excitation of (he stellate ganglion caused vasoconstriction. 
Injection of adrenaline produced vasoconstriction* and, if the tone 
of the bronchial muscles is already high, bronchodilatation. During 
rhythmic inflation bronchoconstrktion diminishes the flow and 
bronchodilatation increases it. Eserine causes bronchoconstriction 
and vasoconstriction in atropinizod preparations. 

A. J. L. Berry, I. de Burgh Daly and B. Narayana investigated 
the action on perfused lungs of drugs injected into the bronchial 
vascular system, and found that in the entire animal under positive 
pressure respiration and in the isolated lungs of the dog under 
negative pressure ventilation, with perfusion of the pulmonary and 
bronchial vascular system, injections of histamine and adrenaline 
into the bronchial circulation cause a tidal air diminution and 
augmentation respectively. A constriction of the respiratory 
tract produced by histamine injected into the pulmonary or bron« 
chial circulation is in general, partially or completely, released by 
adrenaline injected into the bronchial or pulmonary circulation. 

Mathur has produced a number of papers which deal primarily 
with the importance of carbon dioxide in the phenomena of the 
circulation. He has shown the importance of this substance in 
the maintenance of the heart beat, and of the tone of the blood 
vessels. A practical point emerging his experiments is the 
desirability of administering oaxbon dioxide in cases of heat* 
stroke. 

Sarkar has shown that the elastic recoil value of the lung wall 
does not change much, but rather remains constant under different 
conditions of distension. 

Singh and Mathur have devised for gas analysis a constant 
volume apparatus with a thermo •barometer attached and contained 
within a water-jacket. The accuracy of the apparatus is up to 0*1%. 

Singh in studying the effects of intravenous injection of 
has found : (a) that a minor degree of pulmonary gas embolism 
Mcelerates the circulation, (5) that 0| consumption Is diminished 
dn^g the period of blocks^ but exceeds and returns to normal 
when vascular compensation occurs, (c) that metabolism is increased 
6% by piUmonary emlwl^m, and (d) that adrenaline 
relieves embolic aaphyxia, spasm and disorder^ respiration, but 
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this effect may be counteracted by the increase in the metabolic 
rate due to adrenaline. 

Inderjit Singh has made observations on (a) the absorption of 
oxygen from the subcutaneous tissues, (6) the absorption of oxygen 
from peritoneal cavity and stomach, and (c) Intravenous injection 
of oxygen with animal under ordinary and increased atmospheric 
pressure. . 

N. C. Bhattacharya has studied the Reichert Gas«RegiUator 
in Calcutta. 

S. M. Banerjj and D. N. Mullik have studied the glutathione 
content of tissues and muscular activity. 

B. B. Sarkar has made observations on the importance of the 
bronchial musculature in the respiratory process. 

S. N. Mathur hnds that when an animal dies on account of 
heat, centres fail from above downwards in the following order : 
respiration, heart and vasomotor. 

H. N. Banerji and 8. S. Mahmud Shah have shown as the 
result of perfusion experiments that both the sympathetic and the 
parasympathetic nerves carry vasoconstrictor fibres to the lungs 
of tho frog. 

P. T. Patel has described the relation of vital capacity to Jntra* 
alveolar and intrapleural pressures in health as well as in disease, 
and in the therapeutic measures such as artificial pneumothorax, 
and in compressed air treatment of asthma. 

8. N. Mathur has shown that suprarenal glands exert some 
tonic action on the peripheral vessels, as for sometime after their 
extirpation if carbon dioxide be given, it exerts a better dilator 
action, He has also shown that if minute quantities of adrenaline 
are administered to anaesthetized animals there is an appreciable 
increase in their ox3'gen consumption. 


V, Digestion and Metabolism. 

D. M. Telang and 8. H. Kamat ' made an exhaustive 
experimental study, both qualitative and quanti- 
Digestion tative, of the composition of the saliva and of 
the action of ptyalin in normal subjects. The investigations 
showed that ptyalin was not adaptable to diet. They also dis* 
cussed the clinical importance of the Saiivari/ Urea Index. 
M- A. Basic and T, S. Ramabhadran, working on a case of Parotid 
fistula, stutlied the physical properties and saccharogenic power of 
human parotid saliva. ' They found that it is much more active than 
mixed saliva, although they are both alike in physical properties. 
By experiments performed on the isolated frog's heart with samples 
of fresh human parotid saliva, and also a solution of 1 in 1000, it 
was concluded, that the human saliva contains a potent cardiac 
depressor substance, which acts directly on the myocardium. 
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Further work on the effect of saliva on gonads by M. A. Basir is 

in progress. . . ^ 

Mathur bas sliown that a diastatic enzyme is present in iniant s 
saliva on the very first day of its birth. He finds that ptyalin is 
a mtjture of two enzymes, dextrinase and amylase, the former 
being present at the time of birth, the latter making its appearance 
a few days later. He further states, that the diastatic enzyme is 
present in faeces of horse, cattle, goat, sheep, and ass, but is most 
abundant in that of the horse. This author has also observed, that 
any movement of alimentary canal and facial and masticatory 
muscles tended to increase the alkalinity of saliva. Fasting saliva 
was alkaline (pH 7*5). Psychic changes produced a change in react- 
ion, for instance watering of mouth at the sight or smell of good 
food increased alkalinity, while aversion towards foods decreased 
it. The saliva of children was less alkaline than that of adults. 

T. N. Seth has carried out investigations on the activation of 
pancreatic juice by enterolunase, on Gastric Urease and the relation 
between the metabolism and the specific d^mamic action of amino- 
acids. 

S. L. Bhatia, H. S. Patel and J. B. Dundas examined the 
resting gastric juice of 30 Indians living on mixed and purely 
vegetarian diets. They found that the total quantity of the juice 
varied considerably, the average being 28*473 c.c. Bile was present 
in 20% of all cases. Mucus was present in all. Charcoal particles 
(which bad been given overnight), starch, blood and lactic acid 
were absent. In 27% of the cases HCl was absent. In those in 
whom it was present it varied from 2*5 c.c. N/10 NaOH (*0091% 
HCl) to 68 c.c. N/10 NaOH (0*217% HCl), the average being 
20*23 c.c. N/10 NaOH (*07384% HCl). There was no appreciable 
difference between the non -vegetarians and vegetarians in regard 
to the amount of free HCl Total acidity varied from 5*0 c.c. 
N/10 NaOH ( 018% HCl) to 90*6 c.c. N/10 NaOH (0*3286% HCl), 
the averse being 30*96% N/10 NaOH (0*H3% HCl). Repeated 
observations on the same subject showed marked variation in 
regard to quantity of the juice, presence of bile, free HCl and total 
Midity. It was observed, that in many cases when bile was present 
in the juice the amount of free HCl and total acidity were relatively 
higher. They have made ^rther observations on the variations 
in gastric acidity after a test meal. They describe a new standard 
meal prepared from rice. The acid curve in the normal 
individual rises more or less quickly to a maximum in 1 to 1 ) hours. 
The actual time varies however. It forms a definite peak and then 
falls. The height reached varies between *16% and *22% HOI. 
R hu been observed, that in Indians while the amount of free 
HCl in the fasting juice may be very low, there is a definite rise in 
free and total acidity after a test meal. The emptying of the 
stomach also takes place comparatively rapidly, usually in 1 to 
If hours. 
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Gupta and Sen on analysing the gastric contents of 100 persons 
(dyspeptics) have found that the behaviour of HCi curves after a 
meal shows four different types : — 

(а) Sharp fall in acidity after a meal, followed by an equally 

sharp rise. 

(б) Marked fall in acidity after a meal, followed by a great 

rise thereof, but both the fall and the rise are slower 
and less marked. 

(c) A drop of acidity to nil after a meal, followed by a rise 

in acidity, but both the fall and the rise are much 
slower and much less marked and the fasting value 
of acidity is very low. 

(d) No fall in acidity after a meal, but a rise whicli is not 

marked and takes on a plateau -like curve. 

G. R. McRobert made observations on the hydrogen -ion 
concentration of the alimentaiy canal of albino rat. 

R. K. Paul and S. Prasad have studied the effects of some 
products of digestion and accessory substances on the rhythmical 
contractions of the isolated mammalian intestines. They find 
that glycerine, peptone, maltose, sodium taurocholate, sodium glyco- 
cholatc, indican and sodium-phenohsulphonate are found to augment 
the force of contraction (some improving the force as well), whereas 
fatty acids, such as lactic acid, propionic acid, etc., tend to lower 
the tone of the intestinal muscle and also the height of contraction 
by diminishing the pH value of the intestinal contents. 

Chowdhari and Kahali have shown : (a) that there is an 
optimum concentration for the absorption of glucose from the 
gastrointestinal tract of cat (this lies between 0*55 molar and 0*75 
molar), (6) that the average absorption co-efficient of glucose with 
0^55 molar solution injected directly, into the small intestine is 
0*048, and (c) that insulin injected simultaneously with glucose 
lowers the absorption co-efficient. 

H. E. l^Iagee and K. C. Sen found that calcium ions had a 
great influence on the rate of diffusion of sugars through the intestine. 
Experiment with surviving intestines of rabbits showed that in 
presence of calcium ion, the intestine shows some selective action 
against different sugars. 

B. T. Krishnan has studied the function of the intestinal 
musculature. He describes the normal movements of the small 
intestine and methods for recording graphically the simultaneous 
action of the two muscular coats in segmenting and peristalting 
movements. He concludes that in the movements of the bowels 
there is no synchronous action of the two muscle layers, but a 
reciprocal action and inhibition, i.e., when the circular muscle 
contracts in a segment the longitudinal muscle relaxes and vice 
versa. The pendulum movements are considered to be only 
longitudinal muscle phenomena. In peristalsis, there is a wave of 
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longitudinal muscle contraction with the circular muscle relaxed » 
ahead of a wave of circular muscle contraction with the longitudinal 
muscle relaxed. The ‘ law * of Bayliss and Starling Is appli* 
cable only to the action of the muscle layer. He has examined 
and analyzed the rates, amplitudes and rhythmical contractions 
observed in excised segments from different regions of the bowels, 
and those observed in the Intact animal (cat), and has also dis* 
cussed if the intestinal movements are neurogenic or myogenic. 
He adduces experimental evidence to show that the rhythmic con* 
tractions become slow and irregular, or cease altogether, whenever 
a neurotropic poison is injected into an animal or painted on the 
intact animal, or added to a bath containing excised segments of 
the bowel. He concludes that althougli intestinal muscle may 
show automatic rhythm, it is to large extent dependent upon 
enteric nerve cells and fibres for its normal rhythmic activity. 

B. T. Krishnan has also shown that all parts of the small 
intestine are equally well stimulated by histamine and acetylcholine, 
and that atropine inhibited the stimulating effect in both the intact 
and isolated bowel. 

8. L. Bbatia and G. Coelbo have shown that the average fasting 
blood sugar in Indians is slightly higher than the 
normal. It is a little higher in vegetarians than 
non* vegetarians. They have obtained sugar tolerance curves from 
quite a large number of normal individuals after administration of 
50 grms. of glucose. The curves show the same general features 
as those obtained in European countries. The non* vegetarians 
show a better tolerance for carbohydrates than vegetarians. The 
renal threshold for sugar appears to be in the neighbourhood of 
0*17%. They are of opinion that excessive consumption of car* 
bohydrate food interferes with the glycogenic function of the liver, 
throws a strain on the internal secretion of the Islets of Langerbans, 
and thus leads to a lowered tolerance for sugar. This aocounts for 
the wide prevalence of glycosuria in the country. 

Bagchi and Rudra have shown that in IncBa just as in Europe 
and America 1 he sugar content of normal urine is always lower than 
that of normal blood, and that the vegetarians have a higher sugar 
content both in urine and blood than non* vegetarians. 

McCay and his co* workers, who made observations on the 
blood sugar and sugar in urine in Bengal, had also found, that they 
had high fasting sugar levels, and they attributed this to the high 
c^bobydrate content of the diet. Brabmacbari and Sen obtained 
similar results. 

8. L. Bbatia has stressed the preventive aspect of Diabetes 
Mellitua. The important aetiological factors in this disea^, 
according to him, are three 

(a) OveretUing, specially excess of carbohydrates in the diet, 
combined with lack of exercise. 
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Obesity. 

(c) Mental Strain. 

He calls them the ‘ DiaMic Triad \ They are of special impor- 
tance in India. The problem of prophylaxis is one of persorial 
hygiene. * We have to advocate moderation in eating, a properly 
balanced diet not contaiiiing excess of carbohydrate, avoidance of 
obesity, moderate amount of physical exercise taken regularly, and 
a calm and placid temperament avoiding all worry and anxiety.* 
Bose and De have examined 100 diabetes and a large number 
of healthy Indians, and find that the average cholesterol content of 
plasma in normal healthy Indians is 140 mgm, (variation 
from 120 mg. to ICO mg.) and is independent of the race factor, 
that there is no relationship in diabetes between cholesterol content 
of blood and hyperglycamia ; and further that hypercholesteremia 
is always associate<l with various complications including arterio- 
sclerosis. They state that hypercholostenemia in diabetes is a 
much more satisfactory index of the severity of the disease, tlmn 
any one of the other factors, including hyperglycemia. 

S. C. Sen and P. N, Chowdhury have made studies on the 
increase of blood calcium after intravenous administration of glucose. 

Important investigations have been carried out in regard 
to the Basal Metabolic Kate in Indians in most parts of India. 
Mukerji and Gupta have investigated it in Bengalis, Mason and 
Benedict in South Indian women. Banerjf in the prisoners of the 
Lucknow District Jail. 8. S. Sokhey, M. A. Malandkar, and J. D. 
Dundas in Bombay, B. T. Krishnan and C. Vareed in Madras and 
•S. A. Rahman in Hyderabad (Deccan). In all cases the Basal 
Metabolism is about 10 to 15% below the accepted standards for 
Europeans and Americans. There are obviously racial and climatic 
factors which arc re.sponsible for this. 

The findings of S. A. Rahman are interesting, namely r — 

1. That no difference exists in pulse and respiration rates 

as compared with the western standards. 

2. That the subjects have about 1 cm. shorter stem height 

and correspondingly longer legs compared to 

westerners. 

3. That a pelidisi of about 02 is probably the index of 

normal nutrition amongst Indians, the average 

pelidisi being 92-4. 

4. TImt the blood pres.sure is considerably lower than 

the Western standards. 

5. That the basal metaljolism is 6*8% Ih*Iow Harris Benedict 

and 8*7% below Aub-Du-Bois standard ; and 

0. That vegetarians show 2% lower basiil metabolic rate. 

He has also studied the influence of humidity on Basal Metabolism. 
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S. L. Bhatia and his co-workers have been doinjf further work 
on this subject in Bombay, while A. Subba R;io is doing the same in 
Mysore. 

J, P. Bose and U. N, De have also determined (he B.M.R. of 
Indians in health and disease and discuss the clinical signihoance of 
the results obtained. 

N. C. Bhattac'harya and S. C. Sen have made observations 
on the Kata -thermometer in Bengal. 

VI. Dietetics and Nutrition, including Vit.amins. 

(a) Ditielics ayid Nvfrition. 

S. h. Bhatia has reviewed the problem of Nutrition in India 
in the light of the recent publications of the League of Nations on 
Nutrition. He draws attention to the prevalence of malnutrition 
in this country owing to the lack of both ‘ protective ' and ‘ non* 
protective ’ foods. Lack of ‘ good ' protein, deficiency of caloric 
requirements, incomplete and aub-optimal value of the dietary, 
deficiency of certain essential vitamins and mineral salts are the 
important factors. The enormous amount of ill-health in pregnant 
and nursing mothers, due to improper diet, as evidenced by 
Osteomalacia and AnsDmia ia a matter of grave concern. Proper 
nutrition in infancy and early childhood is another important 
matter. Suitable dietetics in the young are a prtwnlive aspect 
of our work. He has amended the League of Nations* Table giving 
the Nutritive value of Foods. He emphasizes three problems 
concerning nutrition which await solution 

1. The influence of tropical climate on food requirements. 

2. The proper intervals at which food should be taken. 

This has an important practical bearing on the work 
efficiency of the individual. 

3. Vegeiarianim. In view of the large proportion of our 

countrymen who live on a purely vegetarian diet, 
systematic investigations are necessary to appraise 
the precise influence of vegetarianism on body nutri- 
tion, and the direction in which improvement should 
be made. 

Aykroyd and Bajagopal have investigated the state of nutrition 
1,900 boys (a^d 6 to 15 years) and find that Indian children 
of a. given height weigh very much less than British and American 
cmldren of the same height ; that 14% boys show food deficiency 
6*4% phrynoderma (not due to Vitamin A deficiency), 
f' 0 % Angular stomatitis and 3*8% Bitors spots ; that on investigat- 

the A.C.H. index of 1,145 boys, it is found that the index needs 
adjustments to make it suitable for routine work in India ; and that 
climate alone has no advantage as regards physique and state of 
nutrition. 
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D. M. T^lang wrote a comprehensive review and discussion of 
the human diet prehistoric to the present times. 

S. P. Niyogi, V. N. Patwardhan and R. G. Chitre have studied 
the problem of ‘ balanced diets \ by analytic methods and by 
observing their effects on the growth and reproduction of albino 
rats. The Bombay Presidency Baby and Health Week Association 
have formulated * balanced diets * at a maximum monthly cost of 
Rs.6 per adult. These Iiave been carefully analyzed as to their 
adequacy. The work is in progress. Attempts are being made to 
evolve a physiologically ideal diet. S. P. Niyogi, N. Narayan 
and B. G. Desai have studied the nutritive value of Indian vegetable 
foodstuffs. They have isolated and analyzed the globulins of two 
Indian pulses, Pha^tolm radiafu^ and Fha$t(^M8 mungo. The 
biological values and digestibilities of the proteins of Phaatolu^ 
radiatus, Phastolu^ mungOy Caja%U8 tTkfiens and Piaum averiat 
have been determined by Mitchell's method at a 10% level of intake. 
From these values the net available protein contents of the pulses 
have been calculated. They find that only about 50% of the total 
proteins of the ten of the commonest Indian pulses, which they 
have analyzed, are available for the processes of growth and repair 
in the animal body. They have studied also the nutritive value of 
Rogi (BUuaint Coracana)^ and find that the ragi proteins seem to 
be superior to those of rice and oats in their biological value.s. They 
have also conducted experiments to prefwre ragi malt. 

Mathur has investigated the digestibility of various types of 
rice and the best roethcKls of cooking. He has shown, that an 
enzyme capable of acting on rice appears in the saliva of infants at 
a much earlier age than was previously believed- Narendra Singh 
examined the diets of various classes of inhabitants of United 
Provinces and noted to what extent they might be deemed to be 
adequate or deficient. 

Wilson and Mukherjee have shown that there is no increase 
in intestinal putrefaction on a rice diet as compared to wheat diet, 
that there is no selective absorption of valuable amino-acids con- 
taining sulphur, that the urinary out-put is greater on a rice diet 
tlmn on a wheat diet (this being probably due to a greater salt 
intake on a rice diet) ; and that the increased tum-over of water 
bv the alimentary canal is probably unfavourable to the action of 
iiitestiiml organisms even though there is a large residue of foecal 
nitrogen available as a medium of micro-organisms. 

Sahu discusses the importance of calcium in medicine, dealing 
with its absorption excretion and functions. In view of its import- 
ance he has determined the calcium- con tent of some of the com- 
moner dietaries of India. 

Vitamina. 

Some important investigations on viterains have been earned 
out in India. 
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(6) Vitamin A. 

The distribution of carotine in common focxlstiiffH, ifcn stJLbility 
under different conditions of storage and cooking and its metabolism 
hay© been tbe subjeeb of numerous studies in different laboratories. 

N. K. De has published the carotene content of some eighty 
foodstuffs by a modified spectrograph ic method devised by Idmsolf. 
Many leafy vegetables have been found to bench source of carotene, 
which however, deteriorate rapidly on storage. Hoot vegetable, 
with the exception of carrots, yam.s, etc. are generally poor in 
carotene. The carotene content of many fruits was found to 
increase during ripening. Similar inereaso was also found in many 
vegetable foods, such as roots and pulses, during storage, indicating 
that the synthesis of carotene continues long after harvesting or 
plucking. 

Be also investigated the stability of the pigment in a number 
of vegetable foodstuffs under different condltion.s of storage cooking 
and sprouting, etc. He observed that there is no appreciable loss 
of pigment (carotene) if vegetables are kept sprinkled with water 
wrapped in pieces of damp cloth. In such vegetables there is not 
much loas of carotene during boiling. Dais and legumes lose much 
of carotene during cooking. 

Ahmed. Mullick and Mozumdar investigated the carotene 
content of common Bengali food using colorimetric method. Their 
results are more or less similar to Be's. Some of the local * S&gs ’ 
were found to be rich sources of this factor. 

Ahmod studied the fate of carotene after absorption from 
the intestinal tract, and observed that absorption of carotine was 
infiuenced by the composition of diet. Rats fed on fat free diet 
were found to excrete 90 per cent, of carotene, whereas with diet 
containing 10 per cent, of fat the absorption of carotene was com- 
plete. Evidence was obtained of the presence of a substance 
resembling Vitamin A in the coecum of the rats fed on diet deficient 
in Vitamin A but supplemented with carotene. 

Investigating the metabolism of carotene in different animals 
Ahmed and Malik find that the amounts synthesized by the rat, 
chicken, rabbit, pigeon, and cat are in the proportion of 100 : 24 : 
16 : 1«2 : 0 respectively. The difference in the amount of Vitamin A, 
synthesized by the different animals are not due to difference in 
their normal vitamin requirements, but to differences in their 
capacity to utilize carotene for Vitamin A formation. 

Ahmed suggests that in the conversion of carotene to Vitamin A 
in the organism, the reticulo-endothelial system plays an important 
psrt. Colloidal carotene injected intravenously into the dog was 
found to be stored in the spleen, which is ordinarily deficient in 
Vitamin A. He suggests that in the higher animals like the cat and 
the dog, in which the spleen is more highly developed and contains 



5d4 


PROGRESS OF SCIBKCE m mDlA. 


in its tneahes a large proportion of the reticulo*endotbelial cells as 
compared to tl)e liver, Vitamin A may first appear there. 

Ahmed ajid co-workers injected carotene intravenously in 
four different species of animals. The rats which can readily assi- 
milate carotene and conserve large stores of Vitamin A in the 
liver, when fed orally with carotene in oil medium, failed to do so 
on in ti'a venous injection of the pigment. Dogs behave likewise, 
but rabbit liver was found to contain Vitamin A which could be 
proved to have l)een <lerived from the injected carotene. 

Wilson, Ahmed and Mozumdar observed that the composition 
of diet and the form in which carotene is fed affect the absorption 
of carotene from intestinal tract of animals. There is much better 
absorption when the carotene is fed mixed with oil or in the form of 
natural foodstuff. The feeding of 5% bile or 15% meat did not 
appreciably increase the absorption (as shown from the amount of 
carotene from the fsaces). But tlie amotint of Vitamin A stored 
in the liver inrlicatcd that there was better assimilation from both 
these diets. 

Similar results were obtained by Wilson, Dasgiipta and Ahmed 
in their experiments on the absorption of carotene in human subjects. 
78 to 80% of carotene ingested in the form of carrots and spinach 
was absorl)e<l on an ordinary Bengali diet. The absorption fell to 
<'>2%, when fat was cut off from the diet. With a Vitamin A 
concentrate, there was complete absorption with or without fat 
in the diet. The requirement of the organism for carotene would, 
therefore, appear to be .somewhat greater than that for Vitamin A. 

Guha an<l Chakravarty investigate<l the Vitamin A content 
of Indian mango. A.s regards Vitamin A, all varieties appear to 
he potent sources of this factor. The Vitamin A content of mango 
was found to vary with different varieties. ^ 

Ghosh and co -workers estimated the Vitamin A cont^t of 

Indian fish liver oils—the Carr-Price value of liver oils from Chit ol 

{Noloplerus ckUalah Silong {Sihmpia silompial Kaliban^ {^Oto 
calba/u). Dhain and Ar are 206. 75. 16. 175 and 93 rMpectively. 

CImkravartv and co-workers observed the Carr-Pnee values of 
the liver oils f^m Lfdieo rokita. Cirrhtna 

HiUa ilisha and I>ates adearifer 227. 174. 109. 59. 284 respec- 

.6 t 

Nag and Banerjee find that the Vitamin A potency of Hilsa 

liver oil is equal to that of liver oil. , . _ . ^ 

Datta and Banerjee determined, both by colorimetric and the 
biological methods of assay, the Vitamin A content of ‘he body 
oils of some of the freshwater fish of Bengal. The values 
obtained by the two methods of 

body oil of ntAee and mirgal are found to be half as rich in \ itamin A 

^ Ah^d fin^halfbut liver oil to be 24 times as rich in Vitamin A 
as an average sample of cod-liver oil. Colorimetnc tests gave 
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values for tbe halibut liver oil, wlucli were in dose agreement wit)i 
that obtained by biological tests. 

Gbosh and Guha obtained fairly close a^^reeinent in the 
Vitamin A values of Indian fish liver oils obtaine<l by the biological 
and inctometric method. 

De reports that the human, cow, goat, and bufi'alo milk c*ontain 
roughly the same quantity of Vitamin A, about 50-1 (K) jier ICKI <•.<•. 
of milk, an amount equivalent to that containe<l in 0 15 toO*2 
gram of cod-liver oil. 

Banerjee and Sana walla made a Vit^imin A assay of ghee ; 
the values for all pure samples were roughly alike, the variation 
in yellow colour did not necessarily follow differences in Vitamin A 
content. 

Basu claims to have produced Vitamin A by the ultra-violet 
irradiation (light of wave length 2750-3000 A) of a sterol isolated 
from egg yolk. The irradiated product gave all the charactcriHtic 
chemical and physical properties of the vitamin. He has also 
succeeded in isolating crystalline Vitamin D from the oil of 
Notopltnu chUal^y a common fish in Bengal. The properties of 
crystals agree fairly with those of Calciferol. 

M. V. K. Rao has made an extensive study of the histological 
changes in the sensory nerve of the eye and ita relation to xero- 
phthalmia in Vitamin A deficient ruts, rabbits and fowla. He did 
not find any evidence that nerve degeneration was the immediate 
cause of the epithelial changes occurring in the eye. There was no 
parallelism between the intensity of the degenerative changes in 
the sensory nerve and the intensity of tlie eye lesions. When 
xerophthalmia healed up in animals by the addition of carotene 
to their diet, recovery of the lesions in the corresponding sensory 
nerve did not take place. 

Aykroyd and Krishnan observed high incidence of Bitot spots 
(yellow foamy patches on the conjunctiva), and other positive eye 
changes associated with Vitamin A deficiency among children in 
labour camps in Southern India. The diet of these children was 
entirely devoid of Vitamin A, and contained on an average 0*683 mg. 
of carotene per day. Aykroyd and Krishnan consider tho 
optimum requirement for children to be in the neighbourhood of 
1*8-3 mg. carotene per day. 

E, Surie has made observation on biological assay of Vitamin A 
JO tbe diet of Indians. 

(c) Vitamin B, 

Chakra varty reported the Photochemical Synthesis 
I Vitamin B, by the ultra-violet irradiation of adenine sulphate and 
aemonstrated the identity of the irradiated product with Vitamin B 
oy means of biological tests carried out on rats. ’ 

C 01 .M ^ report that true healing of polyneuritis 

oum not be observed on treatment with irradiated or non-irradiated 
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adenine sulphate and conclude that the apparent finding of Guha 
and Chakravarty are due to * use of unreliable method of assay 

Later Guha andChakrayarty report that they find the irradiated 
product has proved unable to cure * poly^neuritis ’ in pigeons in 
5 mgr. doses but the same daOy dose supported growth in $6 young 
rats which had ceased to grow on a diet composed of starch, caseino- 
gen, salt mixture supplemented by cod -liver oil and an aqueous 
extract of ox- kidney which provided Vitamin and a small 
quantity of Vitamin B|. The above result indicate the formation 
of a growth promoting substance on irradiation of adenine. 

Guha and Chakravarty extended their investigation on Vitamin 
in the extract of livers of ditferent species of animals and also 
in extract of ox -spleen, ox- muscle and ox-kidney. Ox and buffalo 
kidney extracts were found to contain 67 and 87 units of Vitamin Bg 
per 100 grms. of tissue. (A unit of Vitamin is the amount 
which when administered daily to young Vitamin B* deficient rats, 
would produce a weekly gain in weight of approximately 10 gram 
for a period of 2 or 3 weeks.) Fowl liver is also a good source of 
Vitamin Bg. The extraction of Vitamin from liver is stated to 
be optimum at pH 5. 

Guha and Biswas obtained a new flavine from ox -kidney 
capable of producing good growth in young Vitamin Bj deficient 
rats in daily dose of 0*2 to 0*3 milligram. They suggest that the 
flavine belongs to the byochrome group of pigment and have termed 
it ‘ Renoflavine 

McCarrison and Sankaran found that the growth in vitro of 
intestinal epithelium of the embryo chick to be greatly impaired 
by a deficiency of Vitamin B in the plasma, wherein the intestinal 
tissue IS cultured. The impairment is dependent to some extent 
also on other changes in the plasma brought about by subsistence 
of fowls, from which plasma is ob^ed. on the nee diet whose 
major fault is one of deficiency of Vitamin B. « ^ • c j 

Guha and Biswas continuing their work on Ronoflavine hnd 
an improved growth response on rats, if small amount of the flavine- 
free kidney extract, previously autoclaved, were 
mentary dose. These results led the authors to conclude that the 
Vitamin complex consists of four factors. ^ ^ ^ 

Guha recognizes four factors in Vitamin B*. a flavine, a heat 
and alkali stable substance, ‘ an antidermatitis factor, and an 
■ anticataract ■ factor. He plead*, that the term Vitemin B, 
should be retained to describe the entire complex, which when added 
as a supplement to a Vitamin B. deficient diet promotes good growth 

in rats and prevents dermatitis. . , , .- <• 

Sankaran and Krishnan have confirmed observation of Earns 
and his colleagues that a drop in the rate of the heart occun in 
Vitamin B deficient rats and pigeons, which rapidly return to normal 
when food rich in Vitamin B is given. This observation has been 
made use of in the assay of Vitamin B. in foods. 
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From ElectropfaoresiB experiment Narasimhamurty concluded 
that the iso-electric point of Vitamin B, lies between pB. 9 and 

^Ghosh and Dutt have employed a modified form of Spruyt’a 
colorimetric method for the estimation of Vitamin B in foodstuffs. 
The method was utiUzed for the ViUmin B assay of several saniplos 
of Indian rice collected and prepared under standard conditiona. 
The Vitamin B content was found to diminish with the degree of 
hulling and polishing, subsequent washing decreases i( further. The 
effect of polishing was found to be more pronounced m raw tlian m 

parboiled rice. , 

Rudra and Bagchi find that ordinary mill- polished nee 
aTaUable in bazaar containa sufficiency of Vitamin B for normal 
maintenance and health. When the rice is repeatedly washed and 
boiled and rice water thrown away, the vitamin is lost. Under the 
conditions of cooking in Indian homes, Vitamin Bt present in nc© 
is not lost. 

Ghosh and Guha have estimated the protein, calcium, iron, 
phosphorus and Vitamin and of a few foodstuffs in commoD 
use in Bengal. Some vegetables were found to be good sources of 
Vitamin Bj and B*. These vegetables cannot, however, compare 
with cereals in their potency for Vitamin B^ or with liver in their 
content of Vitamin 

Ahmed, Ray and Guha reported the Vitamin Bj assay of forty 
different foodstuffs comprising common vegetables and cereals, 
The vegetables were found to be relatively poor in B, the value in 
international units being 10-40 per 100 g. of food materials. Tho 
cereals and legumes are rich in this factor, the mean value being 
about 150 units. The value for wheat is 100-110, while that of 
polished rice is only 20. The Vitamin B| value of parboiled rice is 
somewhat better. 

Das and Guha investigated the comparative value of cow, 
goat, buffalo, and human milks with respect to their Vitamin 
and Bf. They found that human milk to be least potent among the 
different varieties investigated. On both Vitamin B| and B^ 
deficient diet a supplement of 10 c.c. of human milk (19 total 
milk solid) failed to support growth of young rats. The authors 
consider that the milk of Bengali women may probably contain 
aub'Optimal amount of B vitamins. 

Rudra and Bagchi found that rice water obtained from mill* 
polished rice contains Vitamin B and that a daily dose of rice 
water from 20 grams of polished rice is sufficient to cure poly* 
neutritis in pigeons. 

Aykroyd and Kxishnan found that the incidence of angulai^ 
stomatitis is very common in children in South India. Indeed in 
two hostels near Coonoor, the authors observed that in the boys’ 
hostel 50% of the boys and in the girls’ hostel 71% of the girls 
were suffering from angular stomatitis. The diet of the hostels 
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was very poor and consisted largely of milled parboiled rice. The 
supplement of 0*5 oz. of cod- liver oil daily for three weeks had no 
effect in curing, the conditions. The addition of 1 g. of dried brewers* 
yeast as such or autoclaved for 5 hours at 120^C, completely 
cured the erosions at the angles of the mouth and soreness of the 
tongue in 4-5 weeks. They were also cured in 3-4 weeks by feeding 
with 1*5 02 . of dried skim milk powder free from Vitamin A. The 
authors concluded that one or more of the factors of Vitamin 
group were concerned in this condition. 

D. D, Chatterje found that rats and pigeons deprived of 
Vitamin B, would die of starvation in the midst of an abundance 
of food. He, therefore, suggested that this vitamin had an import- 
ant influence on appetite, He had to leave undetermined, however, 
to what extent this loss of appetite was due to lesions of the doude- 
num, or nasal mucous membrane or to other factors. His own 
untimely death is to be deeply deplored. 

(d) Vitamin C, 

Prof. iSzent-Gyoigyi’s discovery that hexuronic acid (now 
termed ‘ascorbic acid*) is identical Mith Vitamin C provoked 
considerable work in the direction. 

Harris and Ray have confirmed by chemical, biological and 
spectrographic examination the specificity of hexuronic acid 
(ascorbic acid) as the antiscorbutic factor. 

Bircli, Hiirris and Roy have developed a rapid mlcro-mctbod 
for estimating the hexuronic acid content of fo(^8. The method 
consists in the preliminary grinding of the material with sand 
and tri-chlor-acetic acid, followed by titration of the acid extract 
against a measured volume of the oxidation -reduction indicator, 
2 : O-dichlorophenol-indophenol. An amount of Vitamin C repre- 
sented by 0'03 c.c. of orange juice suffices for an accurate assay. 

Harris and Ray investigated the loss of potency of guinea-pig 
supra-renals in scurvy. The supra-renals of normal guinea-pigs 
possess powerful antiscorbutic activity and appreciable amount of 
ascorbic acid, but the activity disappears along with the hexuronic 
(ascorbic) acid content when Vitamin C is withheld from the diet. 
The behaviour of guinea-pigs is contrasted with that of dogs and 
rots,— animals, which can synthesize Vitamin C when none is 
provided in the diet. 

The medulla as well as the cortex of the adrenal is found to 
be rich in Vitamin C. Weight for weight, the ox-cortex is about 
thrice and the medulla about twice as intent as orange juice. 
Discu.ssing the significance of Vitamin C in the adrenals, Harris 
and Boy observe that it cannot be regarded as a reserve store of 
the bodV. They suggest that the ne^ of Vitamin C is probably 
for protecting the functional activity of the organs. AJ though 
rat’s adrenals are thrice as rich as the ox's in Vitamin C, yet their 
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experimental evidence is definitely against the theory tlmt Hynthesis 
of Vitamin C in animals like dog and cat ocicurs in the adrenals. 

Harris and Ray find that Vitamin C Is normally excreted in 
the urine The amount excreted in normal individnols is con- 
stant, being about 30 to 33 milligrams of asc-orbie acid per day. 
Large intake of this vitamin causes in the normal subject the 
urinary Vitamin C to increase rapidly to a maximum in about three 
hours, followed by a drop to the * normal ’ rate within a day, 
even if a Vitamin C free diet Is given in the Interval. 

Harris and Rav made an exceedingly useful contribution to the 
diagnosis of Vitam'in C aubnutrition by examining the Vitamin C 
content of urine. The amount of Vitamin C excreted in the normal 
individual being constant, 30-33 milligram of a.scorbio acid per 
day, persona suffering from manifest scurvy or subsisting on diets 
deficient in Vitamin C excrete little Vitamin C in urine, and the 
administration of a single large dose of this vitamin docs not cause 
a corresponding rise in urinary secretion, such as is observed in 
normal subj'cets. 

Ahmed discovered a considerable increase in reducing capacity 
of urine after high protein diet with an increased ingestion of 
Vitamin C. 

Chakravarty and Roy also recorded high ascorbic acid value 
of urine on high meat as well as high fat diets. 

Guha and Ghosh made similar observations on rats. 

Chopra and Roy observed that the evidence as to the identity 
of the indophenol reducing substance in urine with ascorbic acid 
was not conclusive as the biological tests were not satisfactory. 

Heinemann finds that if the titration is carried out after pro- 
eipitation with mercuric acetate, the urinary excretion of ascorbic 
acid is not influenced by the proportion of protein in the diet. The 
aadno acid * cystine ’ of the protein food is the source of thiosulphate 
in the urine. 

Guha and Ghosh found that the isolated liver, spleen and kidney 
tissue of the rat incubated at 37^ in a medium of Ringer-Lockc solu- 
tion and phosphate buffer &i pH. 7*4 are able to convert mannose but 
not glucose, Setose, galactose, xylose and arabinose into ascorbic 
acid. Amounts of the order of 0*30 to 0*35 milligram of ascorbic 
acid are found to be formed from mannose per gramme of each of 
the tissues after three hours* incubation. The mannose dehydro- 
genase system responsible for the dehydrogenation of mannose 
into ascorbic acid, has been extracted from acetone -dried tissue 
with water. The cell-fiae extract of liver is able to produce 0 07 
milligTsm of ascorbic acid from mannose per gramme of tissue 
under above conditions. The corresponding tissues of guinea-pigs 
are found unable to convert mannose to ascorbic acid. 

Guha and Ghosh continued their work on the synthesis of 
ascorbic acid (Vitamin C) by tissue in vi&o. Liver tissues of rats, 
rabbits and pigeons were able to synthesize ascorbic acid from 
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mannose in vilro while those of guinea-pigs and monkeys were 
unable to do so. This power of synthesis is not common to all 
animals independent of an external supply of ascorbic acid from 
their bodily needs, as the liver of the ox, cat and fowl, for example, 
cannot convert mannose into Vitamin C in vitro. The same authors 
succeeded in extracting the mannose — dehydrogenase system from 
the spleen, kidney and liver tissue of rats. They extracted a 
similar enzyme system from germinating mung {Phaseolua mungo) 
which converts mannose into ascorbic acid at pH 5*S : but not 
at pH 7*8. 

These in vitro experiments with rats have been confirmed by 
Guha and Ghosb by experimcnta in vivo. 

Euler, Gartz and Malm berg could not confirm their experiment 
on the biosynthesis of ascorbic acid from mannose by liver tissue of 
rats. If the incubation of liver tissue is done in an atmosphere of 
nitrogen as done by Euler and colleagues, no synthesis of ascorbic 
acid takes place. But aerobically, and at the end of three hours’ 
incubation at S7®C, 10-35% increase in ascorbic acid is observed 
in liver tissue of rat suspended in a mannose solution. 

Wats and White made a systematic assay of Vitamin C in 
fruits. The fruits examined ranged themselves into, the following 
descending order as regards their Vitamin C content Pumelos 
{Citrus decumana), pineapples {Bromelia ananas), orange, lemon and 
bananas {Musa paradiasca). Sweet lime pomegranates (Pumica 
granaium) and pears (Pyrxts communis) were found to bo poor 
sources of Vitamin C. 

Wats and Eyies made an assay of several germinated pulses, 
tomatoes, mangoes, and bananas. Of the various pulses investi- 
gated, Mung {Phaseolus mungo) was found to be the best as regards 
its Vitamin C content, and the ease with which it germinated. 
Tomatoes were found to be good source of V’itamin C, the mangoo 
less so, requiring 10 gramme to protect guinea-pigs against scuryj’. 

Guha and Ghosh observed a sixfold increase in the reducing 
power of Phaseolus mungo during germination, on the basis of 
<lry weight. The increased reducing power has been attributed to 
the synthesis of Vitamin C during germination. 

^veral investigators in different laboratories have employed 
the chemical method for the estimation of Vitamin C content of 
common Indian foodstuffs. 

S. N. Ray has shown, that the amount of Vitamin C required 
by guinea-pigs for complete protection is greater in the cases of 
animals fed on desiccated thyroid. 

K. Chakravarty and B. C. Guha have worked out a special 
method for the estimation of ascorbic acid in urine. 

P. N. Sen Gupta and B. C. Guha have estimated the total 
(combined and free) Vitamin C in several vegetables and foodstuffs 
and have developed a process for the purpose. 
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Ahmed estimated the ascorbic acid content of about 66 
of common Indian fruits. vegeUbles and pulses, by chemical methods. 
He has tried as far as possible to obviate errors likely to anse by 
rdjustment of concentration of trichlor-acetic acid during the 
final titration. He finds that the concentration should not exceed 
Wr, and the titration should be finished in one or two 

Banganathan estimated the ascorbic acid content of 100 com- 
mon Indian foodstuffs. Jt was found to vary with the locality, 
season of the year, rainfall, manuring and the different stages of 
growth of vegetables. The author followed the hot acetic acid 
extraction of vegetable material, which is more satisfactory, giving 
a sharp end point than the tricbloro-acetic acid extraction method. 

Rudra finds that ViUmin C is more concentrated m the skin ol 
fruits and vegetables than in the inner edible portions. In root 
vegetables Vitamin C is in the greatest concentration m the leaves, 
la animal foods the descending order of concentration was as below : 
liver, kidney, bone-marrow, milk, heart, muscle. 

Chakravarty, Roy and Guha studied the effect of feeding orange 
juice to Jactating women and found that after ingestion of 109 ipg. 
ascorbic acid as orange juice the concentration In the morning milk 
increased 1*5 time the normal concentration. 

N. Mi Basu and P. Das have investigated the Vitamin C content 
of a number of fruits and some articles of food, which are eaten 
raw. They find, that the juice of ‘Tulsi * leaves, green ‘ Lanka 
and small ‘ Mula ’ contain a fairly large amount of Vitamin C. 

J, C. Pal and B. C. Guha have studied the ascorbigen content 
of a number of vegetable and animal foods. They find that leafy 
vegetables contain considerable quantities of it, while acid ones 
contain practically nil. 

Sankaran and Kzishnan in investigating the effect of Vitamin B| 
and C deficiency on the heart-rate, have noticed that (i) pigeons 
and rats fed on a Vitamin Bi deficient diet show a drop in the 
heart-rate ( Brady- cardia), and (ii) guinea-pigs fed on a Vitamin 0 
deficient diet show a rise in the heart-rate (Tachycardia). 


(e) Diti and Stones. 

Newcomb and Banganathan have classified the stones on the 
basis of the amount of the main constituents as urate or oxalate 
stones. Urate stones were most common (53%), oxalate stones 
coining next (17%) and phosphates (12%). 

The stones ffom the rats were found by the authors to be 
mainly magnesium ammonium phosphate stones. Uric acid was 
either very little or none in the stones from rats. 

^ Banganathan observed that diet had an influence on the com« 
position of stones, produced artificially in rats. The stones pro* 
duced on a diet containing extra lime consisted mainly of calcium 
end carbonate, with very little phosphates, magnesium and nitrogen. 
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The moisture content which varied between 2*10 to 49*3% roughly 
indicates whether calcium existed as carbonate, hydroxide or a 
mixture of both. 

An important series of papers contributing towards the know, 
ledge regarding formation of stone in the bladder has been com- 
municated by Me Garrison. Diets deficient in Vitamins A and C 
containing an excess of calcium favoured stone formation but 
excess of lime has no inflxience if good food is given. When cereals 
formed the bulk of the diet, the capacity of various cereals to favour 
formation of stone in rats is in the following order r^wheat, oats, 
rice, ragi, and oumbu (bajre). A liberal supply of butter in the 
diet comprising of oatmeal, comfiour, sodium chloride and calcium 
phosphate prevented the formation of urinary calculi in rats. The 
effect of diet on stone formation has been the subject of a very 
interesting series of investigations by McCarrison and his co-workers. 

McCairison had shown that well fed rats kept under hygienic 
conditions are protected from stone formation. Bats fed on 
basal diet consisting of white bread and yeast developed stones in 
14*0% of cases. Addition of lime, 3 grains per day, increased 
the incidence. Radiostoleum containing both Vitamins A and D 
afforded protection, which was more marked when quantity of lime 
was further reduced to 1*5 grains per day. 

Ranganathan has shown that greater protection against stone 
formation is afforded if, in addition to Vitamins A and D the diet 
contains a proper proportion of phosphates. 

Extensive investigations by McCarrison and Ranganathan 
have shown that the imbalance between several chemical con- 
stituents of food may be as much responsible for the formation of 
stone as a deficiency of certain accessory food factors. 

Analyses of the nuclei of human urinary calculi showed that unc 
acid and urates formed the chief constituents. 

Megaw investigated the relationship between the incidence 
of stone in the bladder in three chief communities of the Punjab 
and their diet. He concluded that stone formation is likely to be 
less among people who eat a well-balanced nutritious diet con. 
taininc large proportion of milk than among those whose diets 
are unsatisfactory in these respects. These epidemiological investi- 
gations are confirmatory of the conclusions reached, on experimental 

grounds bv McCarrison. ^ , ... 

Ranganathan attempte<l the production of unc acid calculi 
in albino rats, but his observations indicate that the experimental 
production of uric acid calculi in albino rats is not possible. 

Wilson and Coombes conducting an osteomalacia inquiry 
in Northern India and Kashmir found that rickets in its various 
forms tends to occur in any race or caste whenever there is extreme 
deficiency of sunlight or diet or more frequently where there is 
relative deficiency in both factors. Sex incidence shows that m 
late rickets and osteomalacia, the chief strain falls on girls anU 
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women during adolescence and matnrif.y. The best treatment is 
administration of Vitamin D with the daily use of milk, fresh fruits, 

ffreens and exposure to sunlight. , i. x 

Wiison and Mukerjce investigated some of the possible factors 
in tlie causation of vesical calculus in India, apart from such causes 
as vitamin deficiency, infection and cereals aa staple article of 
diet. They observed a reduced urine volume on an atta diet 
as compared mth rico, possibly due to a di min is lied salt intake on 
the former diet, accentuated by a diuretic principal present m t)ic 

latter. , , 

Ranganatban has also reported an increased unue volume on 
the rice diet in rats as compart to that voided on ‘ atta ' carabu 
or cholam diets. 

(/) Diet and Anamia. 

Wills and Talpade have concluded as a result of extensive 
studies in pernicious aniemia of pregnancy, that deficiency of 
Vitamins A and C may be the causative factors. Proportion of 
fat and Vitamin B determine the incidence of the disease. 

Wills and Mehta could produce severe an®mia in rats on diets 
deficient in Vitamins A and C. It was more frequent in females, 
Studies showed the presence of Bdrtontlla tnnris in the red cells 
of anamic rats. Finally they found that only those rats whicJi were 
pregnant and which were with so-called Bombay Hindu diet 
and innoculated with BarfontUa infected blood developed anaemia. 

McCarrison and Mula Singh found that rats that have recovered 
from Bari<mdla murx9 anaemia following splenectomy, may develop 
the disease again at a later date and succumb to it, although during 
the intervening period they have been well fed and hygienical ly 
caged. 

Lucy Wills and Billimoria produced a macrocytic anaemia in 
monkeys by feeding them on diets deficient in Vitamin B. The 
anemia so produced was curable by addition of * znarmite * to tho 
diet but not by the addition of Vitamins A or C. 

Mudaliar and Sarasimba Bao find that neither Vitamin B 
administered as marmite nor Vitamins A and C produced any 
therapeutic response in their cases of pernicious ansemia. They 
find that the malady is deficiency disease, not of vitamins but of 
anti-anttmic factor. 

Lucy Wills indicates the possible causes of failure of response 
to the treatment by marmite in tropical macrocytic anemia, in- 
cluding pernicious anemia in pregnancy. 

Extending her investigations on anaemia Wills arrived at the 
conclusion that tropical macrocytic anaemia is a simple condition 
of dietary deficiency. The curative action of marmite in this 
condition has been confirmed in the present studies. 

In studying the nature of the curative principle of marmite, 
WiUs foimd that the hsemopoietic fhiction is water-soluble and 
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heat •Stable in acid medium. It is not precipitated or inactivated 
by 80% alcohol. The hsmopoietio fhiction does not belong to the 
recognized fraction of Vitamin B complex. 

Gupta finds that treatment with liver extract by intramuscular 
injections and iron by mouth has proved beneficial in some of 
severe cases of pernicious anaemia of pregnancy. 

Balfour and Wills have given an account of the clinical aspect, 
blood picture and response to treatment of two main types of anaemia 
among pregnant women in India. The first is macrocytic anaemia 
responding to the treatment of marmite or usual liver preparations. 
The second type is an iron deficiency anemia of the microcytic type 
associated with severe form of bookworm infection. This responds 
to massive oral doses of iron. 

Chakravarty observed that the milk of Bengali Mohammadan 
women was definitely poor in Vitamin C (0*03 mg. ascorbic acid 
per c.c.) as compared to the milk of other communities in Bengal, 
Hindu, Marwari or Anglo-Indian (0*05 mg. per c.c,). The difference 
may be ascribed to lower nutritional level rather than to any racial 
factor. 


On boiling or pasteurizing, cow's milk was found to lose 50% 
or more of its Vitamin content. Chakravarty estimates the normal 
value to be 0*02 mg. per c.c. which is reduced to 0*01 mg. after 
pasteurizing and to 0*007 mg. after boiling for 5 minutes. 

S. L. Bhatia has reviewed the problem of Vitamins with special 
reference to nutrition in India. N. C. Bhattacharya has studied 
the Vitamin factor in Bengali diet. 

S. C. Devadatta and bis assistants have estimated the various 
forma of phosphorous compounds in milk — ortho and pyrophos- 
phates, phosphoric esters and creatine phosphuric acid. The 
amount of reducing sugars, calcium and magnesium are determined 
with a view to establish the relation, if any, between the ortho- 
and pyrophosphates and calcium and magnesium m milk. Ihey 
are also estimating Vitamin C in Indian vegetables and gram. 
Analysis of fruit, Achras sapota, commonly known asUukku, has 
been undertaken. It is found to contain calcium, iron, phosphorous 
and carbonate in different quantities in the skin and in the pulp. 

Mathur thinks that tomatoes or similar other fruit should be 
taken bv school chQdren instead of sprouted gram for the supply of 
vitamins, although the sprouted gram contains a larger amount ot 
vitamins and is more digestible than non-sprouted gram, for, the 
digestibility of gram starch with saliva is very low, whether it is 

sprouted or not. _ . , ^ r _ 

Wilson, Ahmed and Mullick, after surveying the diets of some 
families and institutions in Calcutta, have concluded : (a) that the 
diets are poor in total and animal protein, total and ammal fat, 
Ca and to a lesser extent P, (b) that the diets contain too low a 
percentage of dairy products and an excess of cereal, and (c) tbat 
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the minimum cost in Calcutta, at current pricc.s, of a diet which 
RDWoaches the ^vestern standard is about five annas per liead. 

^ Guha tt al have found in the cooked diet actually consumed 
oer day by an individual in an average middle class urban Bengalee 
famUv, the following mean values of Pe. CaO, P and protein (which 
is mostly of vegetable origin), 66*57 mg. of Pe, 0'96 gram of CaO, 
1*27 gram of P, 53*45 gram of protein, Tho work would iiave been 
far more important if the edible portions of the cooked diet had 

been examined. . ^ . 

Aykroyd and Krishna n after Investigating the effects of cheap 
well-balanced diets costing Rs.4 or Rs.6 a month per head (In the 
case of human) and containing articles of food which arc available 
in India and are in conformity with dietetic habits, on the life 
and growth of rats, have concluded : (a) that it is difficult to devise 
a completely satisfactory cheap diet with milled rice as the main 
ingredient unless more milk and green vegetables arc added, (5) that 
the average growth on all cheap diets is less than that on the stock 
diet, (c) that diets poorer in proteins and ViUmin are least 
satirfactory, although they contain sufficient amounts of minerals. 
Vitamin A or carotene and Vitamin C, and (d) that the ultimate 
test must be the effect of these diets on human beings. 

Basu, Nath and Ghani, in mvestigating tho biological values 
of green gram {Phaseolua mungo) and lentil {Ltns tsexU^nia) by the 
balance sheet method, have found : (a) that the biological values of 
proteins of green gram and lentils at different feeding levels are as 
follows r— 

5% protein 11% 16% 

intake. 

Green gram . . 63 62 45 

Lentils . . 53 32 25 


(^) that the protein^value of green gram is 10*4 and of lentil 6*5 at 
a 10% level of intake (protein value is the actual amount of protein 
utili^ per lOO grams of food ingested), and (c) that green gram 
is superior to len& as a source of protein. 

Basu, Nath and Ghani have also shown by rat growth tests : 

(а) that green gram is immensely superior to lentil for growth, 

(б) that rats on green gram ration containing 15% protein grow 
almost as efficiently as rats on a diet of milk and whole wheat, and 
(c) that rats on lentil ration show loss of fur, which can be remedied 
by the addition of 0*2% cystine to the diet. 

J. 0. Pal and B. C. Guha have made a nutritional study of 
some cooked Bengali dietaries and draw attention to the deficiency 
of calcium and protein, especially protein of animal origin. 

B. B. 8ark^ has written a paper on * The need for a nutritional 
survey of the present day Indian diet 

N. 0. Bhattacharya has published a book in Bengali on nutrition 
dietetics of the Bengalee. 
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N. Basil and S. K. I^laitra have made investigations on the 
effects of humidity and high temperature on the NH^ content of 
different samples of rice. 

N. C. Bhattacharya and G. N. Bera have studied the calcium 
content of Bengali diet. 

N. 0. Bhattacharya and S. C. Sen have made studies on the 
hardening of Indian cheese. 

McCay wlio was one of the earliest workers on Nutrition in 
India, in his memoir on ' Proitin element in Nutrition \ dealt with 
the amount of protein required in nutrition. He made enquiries 
into the habits and ph^'sique of the different tribes and races of 
India and found that those who obtained a liberal supply of absorb* 
able protein were superior to those who lived on a low protein diet. 
He was opposed to Chittenden regarding the great reduction of the 
protein content of the dietaries of mankind. 


VII. Physiological Cheuistry. 

Sreenivasaya and Narasimhamurti have estimated maltose 
by the action of maltase. In mixtures with sucrose they find that 
this method accountvS for 99*4% maltose. The method has been 
applied to estimate maltose in tissue fluid. 

Sreenivasaya and Sastri have developed Galeotti*8 dilatometric 
method for estimation of action of hydrolytic enzymes. The results 
obtained in case of diastase, tannase, invertase and emulsion are 
identical with those obtained by chemical means. 

Venkatgiri and Subrahmanyan found that barley soaked in 
water for 24 hours followed by steeping in a 0*1 % solution of sodium 
nitrate and passing an alternating current of 4*3 X 10^ amp. strength 
at 210 volts for 2 hours led to over 100% increase in the diasutic 

power of barley malt. , . 

Narayanamurti and Kamaswami subjected the enzyme tyro- 
sinase from Dilchos to ultrafiltration and found that it retained its 
activity. There was no acceleration in its action by addition of 
ultrafiltrate. Electro-osmosis failed to separate the enzyme into 
two components. These results do not supi»rt the view held by 
Haclin that tyrosinase can be separated by ultrafiltration into two 
inactive components, which become active on mixing together. 

Sen studied the effect of narcotics on some dehydrogenases. Ho 
observed that narcotics had no effect on xanthine oxiaase and 
Schardinger’s enzyme, with regard to oxj-pn uptake or “Ethylene 
blue reduction, but they had a marked inhibitory effect on succinic 
clehYdroKenase. Some evidence regarding the identity of xantliine 
oxidase and Sehardinger’s enzyme from milk has also been adduced. 

Dey and Sifcharaman describe a new method of measuring 
neroxide content of tissue based on oxidation of hydroquinone 
to quinhydrone by peroxide in presence of hydrogen peroxide, 
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the quinhrydrone formed being estimated volumetrieally. The 
possible sources of error have been discussed. 

Sreenivasaya and Sreerangaehari deviswl a new form of 
dUatometer, the main advantage being that enzyme and substrate 
could be mixed in the instrument automatically and so the instru- 
ment is suitable for studying the kinetics of reactions from the* very 
start The contraction due to the enzymic hydrolysis of one 
graro-molecule of the substrate is defined as contraction constant. 
Tbe contraction constant of two systems, urea -urease and arginine* 
arginase, were found to be 2413 and 3 02, thus enabling the use of 
this elegant method for the estimation of these substances in physio- 
logical fluids. 

Venkatgiri studied the heat inactivation of pancreatic amylase. 
The inactivation is least near the optimum pH. The critical 
increment for the inactivation at juH 7*0 was found to be 41,000 
cals. The data obtained do not give any clue as to whether the 
process is due to denature tion or hydrolysis. 

Dey and Sitharaman find chow chow (secchium edule) to be 
a rich source of peroxidase. The optimum pH of the enzyme was 
found to lie between 4*8 and 5*2. A solution of KCN of the strength 
M/10000 completely inhibited the activity of the enzyme, while 
mercuric chloride had no effect up to a concentration of M/1000. 

Narayana. Menon and Narayan Rao found that horse gram 
(Dolichoi hifiours) and Dhal (Cajenus tndtCKe) contain the enzyme 
urease. Bolichos had an activity of 126 units as against 83*3 
of Soya beans. Activity of Dolichos was greater at all temperatures 
between 40^ and 90^ C. Quantitative estimation of urea in solutions 
of known concentration and in biological fluids with Dolichos gave 
values in close agreement with those obtained by Soya Beans. 

Basu and Nath isolated an enzyme preparation similar to 
papain from the milky juice of akanda, the optimum pH of the 
enzyme is 3 and optimum temperature 50^0. Hydrolysis of 
protein with the enzyme proceeds up to peptone stage. The authors 
isolated a white crystalline sulphhydryl compound (mp. 98^ C.}, 
which they consider to be a probable activator. KCN, H^S and 
cystein were found to be activators. 

Since the enunciation of the peptide hypothesis, tbe existence 
of the dicarboxylic amino acids is tbe form of their amides in the 
protein molecule has often been suggested. (1) Damodaran has 
succeeded in isolating asparagine from an enzymic digest of edestin 
by acting on tbe protein with pepsin, trypsin and yeast dipeptidase 
in succession and thus established its presence in protein molecule. 

(2) Damodar and co-workers isolated glutamine from enzymic 
digest of glladin, thereby giving additional evidence in favour 
of amide hypothesis. 

Sreenivasaya and co-workers studied the tryptic digestion 
of proteins with his dilatometer. The volume change was found 
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to be proportional to the release of carboxyl or aminogroup which 
were respectively estimated by Wilbtatter’s titration and Van 
Slykcb gasometric method. The volume change per milli-mol 
release of NH^ was found to be characteristic of the stricture and 
amino acid make up of the protein. As the volume change 
accompanying hydrolysis is considerable » the accuracy attainable 
witli dilatometer is greater than Van Slyke's method. 

Sastri and Row reinvestigated the much discussed question 
of the presence of amylase in banana. They concluded that the 
enzyme is not present in the pulp but is confined to the skin. 

Venkatgiri isolated an acHve preparation of amylase from 
sweet potato. Fivefold increased activity of the enzyme was 
found by dialysis. Inner portions of the tuber show greater activity 
than surface layer. He finds the optimum conditions for the inacti* 
vity of amylase from sweet potato (Ipomtn batatas) lie between 
pH 5*5 to 6*0 and temperature 50-55* C. The amylase from sweet 
potato is mainly fi amylose. A purified product 240 fold active 
gave negative test for protein and positive Molisch test. The 
author concludes that protein does not form any essential constituent 
of the structure of the enzyme. 

Ghatak and Giri investigated the peroxidase from the &uits 
of Tribulus terrestris. The enzyme acts best at pH 5*3 to 6’6 and 
was stable up to temperature of 60* C. The effect of enzyme concen- 
tration and substrate concentration on the activity of enzyme was 
also studied. 

Chopra and Roy invesHgated the proteolytic enzyme in 
cucumber {Cucumis aalivtts). The juice was found to contain 
a strong protease which is ereptic in nature and acts in slightly 
acid medium. The optimum temperature of reaction is 39* to 
40* C. It was found to hydrolyze casein. The juice was found to 
contain rcnnetic acti vity. 

The popular belief in North India that eating cucumber is 
associated with cholera is explained as due to the fact that erepsin 
reinforces the proteolytic activity of the cholera vibno breaking 
down the proteoses and peptones formed from the m^tinel epi- 
tfielium with the production of increased amount of toxins. 

Ramchandra Rau and Subrahmanya found that the aeration 
of barley during steeping greatly enhanced amylase ^ctivi^. 
A control in which grain was steeped to the exclusion of air showed 

^^^^^stnljrAcharaya from his study on barley malt and cholam 
(Sorghum vulgare) malt amylases concluded, that a amyla.se ^d ^ 
amylase are two enzymes, one possessing low saccharogemc activity 
with hiffh anivlolytjc power, while the other with high saccharifying 
activity and low amvlolytic power. It is difficult to obtain enzyme 
orenaration with only .saccharifying or only liquefying activity. 

Sreenivasaya and co-workers studied hydrolysis of starcD 
with amvla.se with their dilatometer and obtained a constant : 
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c,mm. depression ^ ^ 
maltose 

For mulin* inula se system the constant, 

c.mm. depression _ ^ ^ 
miili-mol fructose 

Girl found that different starches can be differentiated by the 
Tariation in colour, which they produce with N/lOO iodine nfU‘r 
they arc hydrolyzed with amylase in agar-gol medium. The colours 
produced differ witli the source of starch and the type of amylase 
employed. This affords an easy means of identifying different, 
starches in food. 

Sreenira&aya et al have studied the peptic and tryptic hydro- 
lysis of casein and gelatine with the aid of diiatometer and have 
compared the results with those obtained by the determination 
of aminogroups liberated. They find that the ratio, 

c.mm. depression 


per milii-niol of NH| liberated * 

is greater in the case of peptic than tryptic digestion. 

Sreerangachar and Sreenivaeaya have made a dilatometrlc 
study of the relative digestibility of globulins. They found 
that the dilatometrlc depression which in each case ie proportional 
to the amino nitrogen released can be taken as a direct measure 
of digestibility. 

Bhagavat and Sreenivasaya have extended the dilatometrlc 
study to follow the in vi(r^^ digestion of cow's milk. Their experi- 
ments reveal that the behaviour of casein particles in cow's milk 
toward trypsin does not appear to be different from that of casein 
particle in artificial solution. 

Sastri and Iyengar explained the increased urease activity 
of leguminous seeds during germination as due to greater extract- 
ibility from germinated meal. The urease exist in the seeds in a 
desmo * condition which is rendered into the * lyo ' form during 
germination. 

Giri and Butts, investigated the phosphatase system of the 
brain. There appear to be two phosphatases exhibiting pH optima 
and 6*0 respectively. The ratio of the stctivities of the two 
^osphatases is constant for brains of animals of the same species. 
Aje alkaline phosphatase is activated by Mg, whereas acid phos- 
phatase is not infiuenced by Mg-ions. The initial rate of hydrolysis 
of both euzjTncs varies with the substrate concentration in a 
ttiaiuw predictable by the theory of Michaelis and Menten. 

found that human milk contains two distinct phosphatases 
exhibiting pH optima at 9*2 and 5*1 respectively. Colostrum is 
iound to be very rich in phosphatase, containing about twice the 
amoimt found in normal milk. Towards the end of lactation 
ponod an increased amount of phosphatase is again observed. 
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Giri finds a phosphatase which splits sodium glycerophosphate 
and sodium iiexosephospbate. It has been detected in human 
saliva and has been shown to be identical with urinary phosphatase. 

Basu and Nath obtained an activase preparation of enzyme 
proteinase from milky juice of CafotropU gigantea. It can be 
obtained by half saturation and subsequent full saturation with 
ammonium sulphate. The enzyme is found to be activated by 
Glutathione and ascorbic acid. 

Basil and Sarcar investigated the digestibility of rice starch 
from diiferent varieties of Bengal rice grouped under ' aus ’ and 
‘ aman ' types, and found * aus * type more easily digestible by 
Taka- diastase in vitro. 

Basu and Kukerjee observed that * aman ' varieties are more 
easily digested by proteolytic and amylolytic enzymes than ' aus ’ 
varieties. The rice proteins are more readily digested by activated 
trypsin than by pepsin. Parboiling was found to increase the 
digestibility by enzymes. The starch from polished rice was found 
to be more easily hydrolyzed than non •polished grain. 

Basu and Mukerjee extended the in vitro digestibility studies 
to pulses. The authors find that tryptic digestion of pulse protein 
proceeds more readily than peptic digestion. With both enzymes, 
the protein of lentil was found to be more readily digested than those 
of the green gram. Soya bean protein is as readily digested as that 
of pul«es. 

Bhagavat and Sreenivaaaya followed in vitro digestion of 
globulin from cowpeaand aconite bean by dilatometric and chemical 
methods. The authors observed that in globulins subjected ^ the 
successive action of pepsin and trypsin, higher values for digestibility 
are obtained than when they are subjected to the direct action 
of trypsin alone. 

Dastur and Giri found that by in vitro digestion butter fat 
and coconut oil are almost equally digestible, while sesame and 
groundnut oil are much less digestible. Sodium toiirocholate 
augments the digestion of butter fat and coconut oil by pancreatic 
lipase, while the digestion of sesame and groundnut oil is not 

affected bv the salt. ^ , .j 

Sreenivasan demonstrated the presence of a powerful oxidase 
specific to ascoroic acid in drumstick (Zforinga plerygosperma). 
The enzyme acting at pB. 5*3 oxidizes about 0*4 mg. of ascorbic 
acid completely and reversibly in 3 minutes, The action is inhibited 
by low concentration of cyanide and and destroyed completely 
by alcohol and partially by acetone. 

Sreenivasan describes the preparation of ascorbic acid oxidase 
from press juice of the inner pulp of cncximher {Cucumie sativus) 
which is free from peroxidase system. The oxidase is present m 
both pulp and rind, while the peroxidase is located in the nnd oi 
the cucumber. 
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Ganguly has reported that both the venoms of Daboia and 
Cobra contain proteolytic enzymes capable of digesting gelatin » 
crystallized egg albumin, casein and fibrin. They also contam 
ft lecithin splitting enzyme. A ronnetic enzyme has also been 
observed to be present in cobra venom, but not in daboia venom. 

It is found that antivenine does not neutralize the proteolytic 
action of the venoms, while it neutralizes the rennet ic action of 
cobra veuotu. 

Ghosh studied the action of Cobra {Naja naja) venom on 
protein. With gelatin and egg-albumin as substrate, the proteose 
of cobra venom had optimum activity between p'R 7*8 to 8*0 And 
an enzyme promoting oxidation of bmraoglobin to methemoglobin 
is also found to be present in the venoms of cobra and Russcira 
viper. 

Basu and Mukerjee studied the question of identity of the 
Sohardinger enzyme with xantheric oxidase. The authors inferred 
from their experiments on the efiect of acidic and basic dyestuff 
on the oxidation of xanthine, salicylaldehyde and acetaldehyde 
by the milk enzyme, that the two enzymes arc identical. The 
active group in the enzyme appeared to be acidic. 

Sen and Banner ji carried out experiments on the synthetic 
enzyme carboxylase, and found that in complex proteins like 
gelatine, cgg-albumin, etc., and nitrogenous bodies like urea and 
guaixidine carbonate, organic ammonium salts arc capable of 
bringing about the decomposition of pyruvic acid Into acetaldehyde 
and CO^. 

Kanganathan and Sastri described a micro -method for the 
estimation of urea by the measurement of the change in conductivity 
resulting from the hydrolysis of urea by urease. The method gives 
reliable value for quantities as low as 0*5 X 10“* g. of urea and can bo 
applied to the determination of urea in various physiological fluids. 

Singh and Mathur have devised a manometer for ascertaining 
the degree of purification of an enz 3 aue preparation, for, by means 
of this apparatus the ratio of the volumes of absorbed by the 
final preparation and the original substance is obtained. 

cankaran and Kajagopal have shown that the electrometric 
method of Shaffer and Williams for determination of sugar is 
unsatisfactory in the case of small quantities of sugar, but if 
modified, as suggested by them, 3 rields satisfactory results. 

Chopra and Ray have devised a method for the colorimetric 
determination of lipoid P in blood and have pointed out : (a) that 
CHC1| does not extract the whole of lipoid P from blood, and (6) that 
the temperature at which the digestion is carried on and the acidity 
of the standard and digestion products have important bearings 
on colour development. 

Goswami ei dl have devised a simple microchemical method 
for the estimation of glucose and have applied It successfully for the 
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estimation of glucose in blood. The method appears to be simpler 
than Hngedorn- Jensen’s method. 

Basu and Haitra have shown : (a) that rice stored io a humid 
atmosphere with high temperature is decomposed with the produc- 
tion of substances containing -radical ; (6) that Dhenki-hulled 
rice shows greater resistance to the action of humid atmosphere 
and high temperature than milled rice ; and (c) that milled rice 
becomes quickly porous, brittle, and infected under these conditions. 

Giri and Dutta have inyestigated the nature and action of 
brain phosphates present in other organs. 

Range nathan and Sastri have devised a conductometric 
method for the micro -determination of urea, which gives reliable 
values for quantities as low as 0'5/lCH gram of urea. Banerjee 
and Hullick have devised a simple and reliable method of 
estimating glutathione in blood and tissues. They have shown 
that during the recovery period of the muscle of frogs, rabbits and 
cats after activity there is an appreciable rise in its glutathione 
content proportional to the previous period of activity and that 
pari pa^su liver glutathione values also increase. T. N. Seth has 
studied the effect of dilution of the lethal properties of a poison, 
and finds that up to a certain point an increase in the dilution of a 
poison which diMociates in solution causes a steady decline m its 
lethal properties. Beyond this point there is a limited range 
of renewed potency in which further dilution of the poison definitely 
enhances its lethal effects. Still further dilution, however, once 
again decreases the effectiveness of the poison. It is suggested that 
the lethal effects of a poison which dissociates in solution depend 
on the influence of both the undissociated molecules and the ions 
of the poisonous substances. 

T. N. Seth and S. K. Ghosh Bastidar have made similar 
observations on the effect of dilution on the properties of an anti- 
septic. 

N. J. Modi has shown that injection of milk in quantities 
used clinically produced stimulation rather than * shock . 

Ghosh and De observed that the proteolytic enzyme of Russell s 
viper venom had optimum activity at about pH 8 0 when gelatine 
and egg-albumin are used as substrate, and pH 7-0 wth casein 
as substrate. The peptidases contained m the venoms of cobra 
and Russeirs viper are found to exhibit maximuin activity between 
pH 8*2 to 8*4. The venoms contain trypsin inhibitors. 

K. P. Basu and M. N. Basak have studied the metabolism of 
aminoacidfl in heart and in lung tissues. 

VIII. Excretion. 

S. L. Bhatia, J. D. Dundas, and S. M. CJooper made observations 
on the urea concentration test of hlaclean and De Wesselow. They 
give normal standards for the test based on 38 normal subjects. 
The efficiency of the kidney of Indians to concentrate urea appears 
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to be as good as that of Englishmen from whom Maclean obtained hi« 
data Six of the subjects were pregnant women. Ihc test showed 
that normal pregnancy does not in any way impair the efficiency 
of the kidneys. There is less tendency to iliurcsis after adminis- 
tration of urea in Indians than in Englishmen. Tlie average 
percentage of urea in urine is lower in Indians thaii ISviropenns, 
owing possibly to the smaller amount of protein in the diet. 
They discuss the value of the test in its application to certain 
medical and surgical conditions. 

S. L. Bhatia has also revicwwl all the more weti-kuown tests 
employed to test renal function and has discussed their relative 
value and applicability in various clinical conditions. 

Raghavachari has shown by studj-ing the urine and blood 
pressure of 232 students (ages between 18 and 29), of whom 121 were 
vegetarians and 111 non-vegetarians, that age-for-age vegetarians 
have higher blood pressure than non-vegetarians, but the urine 
of vegetarians is clinically better than that of non -vegetarians. 

Sokbey and Alien have studied the time- relationships^ of 
the changes in excretion of the inorganic phosphate in the urine, 
after ingestion of sugar and administration of insulin to normal 
and diabetic animals. Combination of carbohydrate and phosphoric 
acid play an essential r6lc in the intermediary metabolism of 
carbohydrate. Administration of insulin to normal animals causes 
a fall in the inorganic phosphate of the blood and urine. As the 
blood sugar returns to the normal level blood phosphate rises again 
and the phosphate which was retained in the preceding period is 
swept out in the urine. 

S. 8. Sokbey, 8. K. Gokhale, M. A. Malondkar and H. S. 
BiUimoria have studied the effect of administration of sulphuric 
acid to fasting cats by feeding and by Intravenous injection on 
the excretion of ammonia and fixed base. 

They found that the greater part of the dose of the acid-fed 
is usuaUy neutralized by ammonia, and the amount of the fixed 
base drawn upon varies from practically none to the equivalent 
of half the amount of acid absorbed. When the acid is injected 
intravenously and rapidly enough to cause hyperpnea, the amount 
of fixed base liberated is far in excess of what is needed to neutralize 
the acid, while a fall in ammonia excretion is observed. Results 
obtained by a subcutaneous injection pointed out that the ammonia 
production occurs even when the acid does not enter the body 
by way of the portal circulation. Further, the authors observe 
that the administration of acid does not cause any inereaso in phos- 
phate excretion. 

K. C. Datta has studied the absorption and excretion of tin 
m rats fed with food prepared in tinned brass vessels. 

K, N. Bogebi and H. D. Ganguli have estimated the lead- 
wntent of urine and faces, and the amount of arsenic in normal 
human tissues and excreta. 
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IX. Neuro-muscttdar System. 


S. C. Devdatta has studied the diffusioa of certain substances 
from muscles with a view to elucidate the structure of muscular 
tissue. He determined the equilibrium concentration of lactate 
in resting and fatigued muscles by diffusion and counter- diffusion 
methods. His experiments show that all the water of the muscle is 
available to dissolve lactate, as his values for the concentration 
of lactate in resting and fatigued muscles are in good agreement 
with those obtained by direct analysis of muscles by other workers. 
He and his assistants have performed experiments to show that 
the Indian frog muscle does not remain in equilibrium with a 
Ringer’s solution in which concentration of sodium chloride is 
0*71% for resting muscles and 1*2% for fatigued muscles. 

B. B. Dikshit has observed that extracts of oat’s and rabbit’s 
brains have a physiological action on the blood pressure and 
intestines exactly similar to that of acetylcholine, and further, that 
sonic effects produced by stimulation of the central end of the vagus 
nerve in an anasthetized animal were similar to those produced 
by injection of smaU quantities of acetylcholine in the brain ven- 
tricles. He subsequently found that the substance present in the 
brain extracts was acetylcholine. Its concentration varied in 
different parts of the brain and was highest in the basal ganglia. 
He suggested that chemical transmission such as seen in the peri- 
pheral nervous system may be present in the central nervous 
system as well. Later he showed that irregularities of the heart 
could be produced by excitation of hypothalamic centres, and 
also found that acetylcholine injected into cerebral ventricles 
produced a cardiac arrhythmia as was caused by stimulation of the 
central ends of the vagus nerve in cats. He further observed that 
acetylcholine had an action on the ‘ sleep * centre in the hypo- 
thalamus, for when Injected in small amounts into brain ventricles 
it produced a condition very clearly resembling sleep. 

Dikshit has also been working on choUne esterase of the blood. 
He finds that there is a close relation between the acetyloholme 
content of the brain and the choline esterase of the serum. ^ He 
estimated the acetylcholine content of brain of different species of 
animals and the choUne esterase of their blood, and found that 
whenever tlie acetylcholine content is high the esterase content 
is also htfth Dikshit and ftfahal have shown that choline esterase 
concentration of the blood is reduced by toxemia produced by 
inoculation of plague cultures or Haffkine s plague vaccine 

B N Prasad has studied the carbohydrate metabolism ot 
ffut muscle, He finds that the isolated gut muscle contains only 
about 0*25% ca^boh^•d^ate available for glycolysis, and that in 
oresence of oxygen it oxidi 2 es about 1 rag. carbohydrate per g. per 
hour In presence of glucose it produces considerable quantities 
of lactic acid both under ®robic and an«robic conditions, ine 
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aeftoer portions of the muscle probably do not ooiitnin an adequate 
oxygen supply even in oxygenated fluid. Under an»robic condi- 
tio^ about 2 mg. glucose per g. per hour is hydrolyzed, bodium 
iodoacetate (1 : 10000) inhibits glycolysis of glucose in the Ringer s 
fluid in contact with the gut muscle. Periodic electrical atnnulation 

increases the glycolysis by about 12%. . . . ^ , , 

He has studied the inechamcal activity of gut muscle uTulcr 

aneerobic conditions. He finds that asphyxial arrest of the mech- 
anical movements of this muscle is not due to accumulation ot acjcl 
but to exhaustion of its labile carbohydrate store. The mcehaineal 
experiments confirm the biochemical findings that the gut muscle 
has only a small reserve of available carbohydrate. It j)robably 
utilizes a mixed diet of carbohydrate and non-corbohy4^dte material 
in ©robiosis. Its activity is maintained best when it is supplied 
with both glucose and oxygen. lodoacetic acid-poisoned gut 
muscle has a very limited activity under nn»robio8is t tins suggests 

a small phosphagen content. , , . i 

He also finds that gut muscle driven by rhythmical electrical 
stiniulatiou and arrested under asphyxia can still contract in response 
to acetylcholine. Adrenalin has a powerful inhibitory action on 
the activity of the muscle asphyxiated in presence of glucose. 
The muscle poisoned with iodoacetic acid responds in a normal 
manner to adrenaline and acetylcholine. Its response to these 
two substances is not markedly influenced by changes in the ineta. 
bob c processes of the tissue. 

Basu has succeeded in taking uniform genesis of tetanus 
curves by equalizing make- and- break shocks obtained by a tetanus 
spring according to the principle of Helmholtz. He has devised 
a method of perfusion of frog's heart, in which the pressure of 
fluid in the course of perfusion remains unaltered. He has also 
improved the method of taking tracings on a drum, so that the 
friction of the lever against the drum remains constant. He has 
shown by these improved methods that urea*stibamine is toxic 
to frog's heart at the dose corresponding to the human dose, but that 
neo-stibosan has no toxic effect either at the dose corresponding 
to the human dose or at two and three times that dose. 

Chopra and Das, by introducing certain modifiications in 
Mathew's Oscillograph, have succeed^ in getting the following 
advantages over the latter instrument : (a) a comparatively large 
movement of the mirror, (b) no hysteresis, (c) no residual effects, 
(d) a very short time-lag of the order of O'OOOl sec., and (e) the 
instrument is electrically unbreakable. 

A. Gaffar has studied the mechanism of iodoacetate poisoning 
of muscle difihision of lactic acid and iodide into and out of the 
voluntary muscles of fi^. 

W. Burri^e in his book * Alcohol and Ansasthesia ' brings 
the action of anssthetics into line with the new doctrine of the 
rhythmical activity of living neural structures. 
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Narin^^a Singh has made studies of dreams, which have 
an interesting bearing on some Freudian hypothesis. 

S. L. Bhatia has studied the problem of ' Conditioned Reflexes * 
and has pointed out that here there is a point of contact between 
Physiology and Psychology. 

B. B. Sarkar has made observations on the depressor nerve 
in the rabbit and finds that it is connected, in part at least, with 
a special collection of ganglion cells in the vagus distinct from the 
ganglion of the trunk. 

B. Narayana and H. N. Banerji have studied the action of 
Ergotamine on the isolated cesopbagus. small intestine, rectum, 
and bladder of the frog. This drug seems to have a stimulant 
action on the plain muscle of these isolated tissues, and does not 
abolish the inhibitory action of adrenaline. 

N. M. Basu and R. Ghosh have studied the influence of Ca> K, 
curare, cobra -venom, and ajmaline group of alkaloids on the fatigue 
of skeletal muscles of frog. 


X. Tee Endocrines. 

B. T. Krisbnan has studied the influence of adrenaline, pituitary 
extracts, and insulin on the movements of intestine. He conflnned 
the findings of other observers regarding the excitatory effects 
of adrenaline under conditions of increas^. parasympathetic tone. 
Pituitrin and its active principles have an initial augmentative 
effect followed by sudden or gradual inhibition on the bowel of the 
cat. The effects vary in different animals. Insulin stimulates 
the bowel indirectly by lowering the sugar content of blood. 

S. Krjshnan has shown that insulin in the dose of one-millionth 
of a unit stimulates the heart, but in larger doses depresses it. 
The effects of adrenaline last much longer when insulin is present, 
although they become maximal after longer time than usual in such 
circumstances. 

Mukerjee finds that if a suspension of insulin-phosphotung- 
state containing proper amounts of phosphotungstic acid be given 
by mouth to a diabetic, the sugar content of blood is rapidly reduced 
owing to accelerated oxidation of sugar in blood, as this compound 
has been shown to behave like a peroxidase. FNjrther, the output 
of urine is also increased. 

D. M. Telang and D. B. Shirsat made some observations 
on the effect of oral administration of insulin phosphotungstate 
upon the sugar content of rabbit’s blood. They found no material 
reduction in the blood sugar content as the result of this mode 
of insulin administration. 

Palit and Dhar have shown (a) that appreciable oxidation 
of glucose takes place in air in presence of sohd surfaces, (6) that in 
presence of glutathione the oxidation is increased : and it is further 
increased in presence of both phosphate and glutathione, (c) that. 
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similarly, iDsulin increases oxidation, more so when phosi^liatc 
is also present, (4) that a mixture of insulin and glutathione acts 
better than either insulin or glutathione alone, (c) that oxidation 
in a mixture of insulin and phosphate or glutathione increases 
with the concentration of FeCl, in the mixture ami is further 
accelerated in the presence of traces of Cu or Mn, either singly or in 
mixture, but is retarded if the latter is present in large amounts, 
and (/) that reducing agents like glutathione, chlorogenio acid, 
ascorbic acid, internal secretions, etc. act as inductors taking up 
Oj directly from air and thus induce the oxidation of food materials. 

E. W. H. Cruicksbank and S. Prasad have studied the action 
of insulin on the free muscle sugar of the normal and diabetic heart. 

E. W. H. Cruicksbank, B. Narayana, and D. L. Shrivastava 
have made an experimental study of the action of insulin on norma) 
and diabetic hearts. They find amongst other things that insulin 
in the presence of excess of available sugar will eficct storage of 
sugar as glycogen in the heart muscle. In the diabetic heart 
insulin invariably causes a reduction in glycogen. 

K. Veokatasbalaeu and A. N. Ratnagiriswaran Imvc demon- 
strated that anterior pituitary extract produces marked hyper- 
glycamia in cats, the effect ^ing enhanced by vagi section or 
atropinization. Gonadal extracts have an opposite action, reducing 
the blood sugar in normal animals, and also counteracting the 
hyperglycemia induced by the administration of anterior pituitary 
extract, The effects observed with the latter have been proved 
to be due to its depressant action on the vagus. The possiblo 
utility of gonadal extracts as antidiabetic remedies has been 
indicated. 

S. L. Bbatia and J. D. Dundas made observations on the spleen % 
adopting Barcroft^s tecltnique of withdrawing it from the abdomen * 
and fixing it externally on the abdominal wall under aseptic ^ 
conditions. Its blood supply remains intact. The ' extra cutaneous j 
spleen ' is very suitable for studying changes in volume that occur { 
in it as the result of exercise, hsmorrhage, etc. i 

O. B. McRobert has published observations on the size of the 
spleen. 

M. A. Baair has studied the histology of the spleen and supra- 
reuab of £!ohidna» He is stud 3 'ing the pressure required to open 
the ellipsoids in spleen, when fluid is injected from the splenic 
vem, also the effects of acetylcholine and adrenaline on this back 
pressure. His work on the comparative study of the vascular 
supply of the pituitary body is also in progress. He has already 
published a paper on the vascular supply of the pituitary body in 
the dog, as well as on the structure and significance of the hypo- 
ph3rsioportal system. 

Sankaran studied the iodine content of the normal thyroid 
of the albino rats and found that it had the value of 0*018% iodine 
content was found to be directly proportional to the thyroid weight. 
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No significant difference in the iodine content of the thyroid between 
the two sexes couM be found. 

McCarrison found that deficiency of Vitamin A caused proli- 
ferative changes in the mucous membrane of the trachea 
accompanied by distension of the thyroid and backward growth 
of the lateral lobes of the latter. 

McCarrison and Newcomb found that rats fed on diets deficient 
in Vitamin A and low in iodine content, and kept under insanitary 
conditions, developed compensatory hN-pertrophy of the thyroid, 
while in animals kept clean there wa^ no such symptoms. Un- 
hygienic conditions also produced enlargement of spleen and liver 
which was not rectified by ingestion of extra iodine. 

McCarrison further finds that besides deficiency of Vitamin 
A another factor exists, suspected to be of an infective nature, 
which is responsible for the incidence of lymph -adenoid -goitre. 
High protein diets with excess of fat-soluble vitamin stimulated 
excretion of urine, 

McCarri.son investigated the goitrogenic action of cabbage 
on rabbits. The goitre -producing potency of cabbage varied 
with season. The effect of steaming on goitrogenic potency was 
found to be irregular. Carrots, sprouted gram and fresh cut grass 
were shown to possess antigoitrogenic properties. Iodine man- 
ganese chloride, thymol, and thyroxine administered with cabbage 
diet had a protective action. Sodium chloride, radiostoleum and 
bran enhanced the goitrogenic action of cabbage. It is suggested 
that radiostoleum with cabbage causes goitre by hypertrophy of 
the gland, which is otherwise normal. In lymphadenoid goitre it is 
the further degeneration of an inefficient gland tending towards 
lyiDphoc3^ic infiltration and atrophy of the parenchyma cells. 
In one case, goitre may set in owing to overstrain, while in another 
it is degenerative from the beginning, 

McCarrison and co-workers did not observe any difference 
in iodine content of urines of goitrous and non-goitrous persons 
in Gilgit, The urinary excretion of iodine was found to be generally 
very low in both the groups which was in conformity with the low 
iodine content of the soils. They did not find any relation between 
urinary excretion of iodine and occurrence of disease. 

An important contribution to the subject of goitre is embodied 
in a memoir entitled ‘The life-line of the thyroid gland' 
by McCarrison. The memoir deals with statistical criteria of the 
normal size of the thyroid gland and the extent to which it is 
influenced bv diet, sex.* sexual activity, season, sanitary conditions, 
and iodine supply. The ‘importance of the th\Toid gland as an 
indication of the dietetic deflciencles is veiy clearly brought out 
in the memoir. Goitre is likely to occur whenever a dietetic 
deflciency interfere? with the normal process of growth. Evidence 
has been adduced to show that iodine-theory of goitre cannot be 
sustained. Iodine deficiency may contribute to goitre but it is not 
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the cause of it. The environmental deficiency of iodine t^o 
individual deficiency of iodine are the common result of some 

undiscovered factor affecting both- * -v Anc}ir,<r 

McCarrison made another important contribution «eahng 
with the effect of insanitary' condition on the thyroid gland and other 

^^^Stott emphas^ed that factors other than iodine arc the cause 
of endemic goitre. He attributes the endemic colloid goitre ot 
United Provinces to an excessive intake of oalemra. ^tott is 
positive about a relation existing between the calcium of the water- 
holies and goitre, and hence attributes the goitre to an imbalance 
between the calcium and the iodine intake, a finding in conformity 
with McCarrison’s experimental work on animals. 

Malhotra finds that iodine in organic combination is superior 
to inorganic iodine in the prevention of endemic goitre. Iodine 
from plants is better than that from animal sources. ^ 

McCarrison demonstrated the existence of a ‘ goitre-noxa 
in association with insanitary conditions. Albino rats fed on a 
non.goitrogenic but ill- constituted diet became goitrous when 
living under insanitary conditions. The greater the degree of 
insanitation the greater the size of goitre produced by it. A well- 
constituted diet afforded albino rats subjected to the above 
conditions of insanitation a high degree of protection against 
hyperplastic goitre. 

The ‘ goitre-noxa ’ was found to be water-soluble and of a 
dual nature, a hyperplasia -producing factor and an adenoma- produc- 
ing factor. The former was counteracted by a well -constituted 
diet and by iodine, while the latter was not. 

McCarrison found soya bean and groundnut to be goitrogenic 
la the absence of Vitamin A bearii^ ingredients. The thyroid 
enlargement occurred despite the ingestion of a large amount of 
iodine. 

McCarrison and Sankaran employed tissue culture technique 
to investigate the nature of the toxic principle in the goitre-noxa 
associated with certain insanitary oonditions. They find that the 
toxic substance is water-soluble ; when present in culture medium 
in relatively high concentration it com^etely inhibits the growth 
of thyroid tissue in vitro m moderate concentration. Its inhibitory 
action on the growth of the tissue is less marked and that In still 
lower concentration (1 in 500 ,000) it exercises a markedly stimulating 
action on the growth of these cells, without seeming to hasten 
degenerative changes. 

Stott and Das Gupta continued their investigations on the 
distribution of goitre in United Provinces. The authors in one 
of the contributions deal with clinical studies on endeznio goitre, 
sub-thyroidism, cretinism in super-endemic area of Gonda and 
Gorakhpur districts in U.P. The second paper deals with sstiology 
of goitre in the same locality. The authors observe that diet does 
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not play a part in the production of goitee. There is a considerable 
volume of evidence to show that goitre is a water-borne disease. 

B. B. Sarkar has studied the effects of thyroidectomy on the 
bone-marrow of rabbits, and of thyroid feeding on the bone-marrow 
of thyroide eternized rabbits. With R. K. S. Lim and J. P. H. 
Graham he has also studied the effects of thyroid feeding on the bone- 
marrow of these animals. 

A. L. Mudaliar, K. Venkatachalam, and A. N. Ratnagiriswaran 
describe the influence of the thyroid gland in controlling the activity 
of the posterior pituitary gland. The possibility of hypothyroidism 
being a cause of habitual abortion has been suggested and corro- 
borated by means of clinical evidence. 

S. L. Bbatia has described the interrelationships of hormones. 
Some of them mutually stimulate, others inhibit each other. 
Accurate knowledge of these interrelationships would help us to 
recognize the endocrine organ primarily involved and to distinguish 
it from others secondarily tweeted. All the hormones are intimately 
associated with each other. There is thus an integration of hor- 
monal functions by virtue of this mutual interdependence. The 
mechanism effectively supplements the integration through the 
nervous system. 


XI. Histology. 

B. N. Chatterji and E. W. H. Cruickshank made a comparative 
study of the spleen of various vertebrates with reference to the 
bone marrow and the blood. In the frog the spleen is the sole 
organ for erythropoiesis, because bone marrow in the species is 
exceedingly poor in erythroblastic elements. The eiythrogenic 
function of the spleen is gradually shared by the bone marrow 
throughout the sub mammalian series. The lymphocytic content 
of the spleen is one of the main controlling factors of the Jymphocj*tio 
content of the blood. Throughout the mammalian series, a gradual 
increase in the percentage of polymorphs in the blood is seen to be 
associated with a gradual increase of the total percentage of poly- 
morphs and neutrophilic transitional royeloc^'tes in the bone 
marrow. On the other band, the paucity of the neutrophilic 
transitional myelocytes in the marrow of aves and reptilia is core- 
lated with a marked dearth of neutrophU leucocytes in the circulat- 
ing blood. , 

Sarcar has devised a method of staming with ammoniated 
solution of tannin for bringing out ncurofibrils and nerve cells. 
By this method the course of even the finest neurofibrils can be 
traced in serial sections. He has also described a method of staining 
with Orange G. and Aniline blue. 

Sarcar, Sen and Bera have devised a method of preparation 
of tissues for paraffin infiltration and embedding, which would 
be very useful in the tropics, especially when the temperature of 
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air is high, and when paraffin of high melting point is required for 

and Sankaran have found that if embryonic nerve 
tissue is oultuied in plasma from fowls and rats fed on {a) a good 
mixed diet, (h) a diet deficient in Vitamin A and (c) a control diet 
similar to (6) but containing cod-Hver oil» excellent growth takes 
place in plasma and poor growth in deficient plasma. The growth 
response in control plasma lies between these two extremes. 

Chopra. Das and Mukherjee have shown that cobra venom 
in higher dilutions stimulates growth of tissues in vitro, while 
at lower dilutions it inhibits growth. 

A. Subba Bao is carrying on work on the structure ol the 
OTary. fallopian tube and uterus of Loris. He has published work 
on the morphology of Lemutoidea. . 

Ifinaiiy I may say, that my Presidential Adclress on Physiology 
in India/ delivered before the section of Physiology, Indian Science 
Congress, Hyderabad, Deccan, in 1937 contains an account of 
Physiology in this country in its true perspective, giving an account 
of its past and its future lines of development. 

My best thanks are due to the workers in different parts of 
India and to my colleagues in the Physiological Laboratory, Grant 
Medical College. Bombay, for their valuable help and co-operation 
in the preparation of this paper. I am specially thankful to Bt.- 
Colonel R. N. Chopra. for his help in writing the section 

on Pharmacology. 


XII. Pha&macolooy, 

The systematic study of pharmacology in India may be said 
to have begun in 1921 when a chair on the subject was established 
at the Calcutta School of Tropical Medicine. Previous to that, 
pharmacology was not included in the curricula of the medical 
schools and colleges in India and investigations in this field were 
conspicuous by their absence. Admirable attempts were no doubt 
znade from time to time by individual workers to study the action of 
well-known indigenous remedies, but their efforts were limited 
to sporadic observations and in many cases, to uncontrolled clinical 
trials. The study of indigenous anthelmintics by Caius and 
Uhaskar, though mainly conducted on chemical lines, was the oidj 
pharmacological research of the earlier days which is worthy of 
note. 

Daring the 16 years which have elapsed since the inception 
of the Calcutta School, pharmacology has gradually been recognized 
ss a fundamental and basic science of great importance in the 
rational study of therapeutics ^d clinical medicine, and several 
chairs of pharmacology have been established in different parts 
of India. This has stimulated research and within recent years 
a number of papers have emanated from the laboratories in Calcutta, 
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Bombay, Punjab, Madras, and elsewhere. The School of Tropical 
Medicine in Calcutta and the Haffkine Institute in Bombay, however, 
have played the major role in the progress of pharmacology in India 
during the period under review. From both these centres, a steady 
stream of papers have been published bearing on various aspecU 
of physiology, pharmacology, and biochemistry. The work at the 
Haffkine Institute was suspended for a few years, but it is gratifying 
to note that it has been restored under the direction of Dr. B, B. 
Dikshit. The School of Tropical Medicine under the leadership 
of Bt,. Colonel R. N. Chopra, I.M.S., has, however, carried on 
its work uninterruptedly and has built up a very fine record of 
research work. 

A considerable amount of work both basic and applied in 
character has emanated from the department of pharmacology at the 
School and elsewhere. It is not possible to discuss it in detail but 
some of the salient features of the investigations carried out will be 
mentioned here. Emphasis appears to have been laid on applied and 
clinical research and man)' of the problems studied have a direct 
bearing on the practical aspects of diagnosis and treatment of 
diseases. The results of these investigations have been mostly 
])ublished in the Indian Mtdical GazttU and in the Indian Journal 
of Medical Rtnarch, and the reader is referred to tbo original 
publications for detailed information. It will be convenient for 
purposes of description to classify the subjects studied under several 
head.s. 


(a) Be$tarch€$ on the pharmaoAogy and taxicol^y of rtmtdiee of 
S2>€cial importance to medical ptaciict in India. 

One of the earliest researches undertaken in the School was in 
connection with the pharmacology of the different 
Cinchona alkaloids of the cinchona bark with a view to 

Alkaloids determine whether some of them were as effective 

as quinine in the prophylaxis and treatment of malaria. If the 
residual alkaloids after extraction of quinine could be used in 
malaria the cost of treatment would naturally be considerably re- 
duced 'a large amount of pharmacological and clinical work extend- 
ing over several years was carried out on cinchonine, cinchonidine, 
quinine quinidine, cupreine, and hydrocupreines. The cflBcacy of 
the residual alkaloids was conclusively demonstrated and the advan- 
tages that might be gained by employing them in mass treatments 
were pointed out. This work is partly responsible for the inclusion 
of cinchona alkaloids in the British Pharmacopoeia in the form oi 
‘ totaquina *. Their value in the treatment of malaria has been 
amply corroborated by the Malaria Commission of the League of 
Nations and it is now recommended as a standarcl remedy for 
malaria. 
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Emetine has been used in the treatment of dysenteries by 
practitioners in India and its toxic manifestations 
Emetine sufticicntlv appreciated. An invest i- 

eation into the phannacologj- and toxi^logy of cnief inc was carried 
out and it was sliown that emetine had a selective toxic cllec-t on the 
parenchyma of the heart muscle. If the dosage cxtrcetls the 
optimum level, toxic symptoms especially referable to the heart 
supervene Greatcaution therefore is needed in its administration. 
In view of the importance of the antimony compounds in 
the treatment of kala azar, invc.stigationH into 
Organic deriva- pharmacological action of the organic deri» 

lives of Antimony antimony wore undertaken. The 

pentavalent compounds depress the circulation and respiration but 
stimulate the reticuio cndothelial tissue of the spleen, liver, and 
bone-marrow, resulting in increased Icucocytosia and phagocjiosis. 
Further, a rhythmic contraction of the spleen is induced whieli 
squeezes out and disintegrates many cells laden with leishmania 
parasites. The beneficial influence of the antimony compound.s in 
Icala-azar ia probably largely brought about through these mech- 
anisms. An interesting development of this work ia the discovery 
of Chopra's test for the diagnosis of kala-azur. The test depends 
on the feet that a heavy flocculent precipitate is thrown down 
when a solution of nrea stibamine ia added to the clear scrum from 
a kala-azar patient. This test ia easily performeti, is very sensitive, 
and renders early diagnosis of kala-azar possible in 85 per ot*nt. 
of cases. It has been of great help in the differential diagnosis 
of malaria and kala-azar in some of the endemic areas. 

A large amount of work was conducted on the botanical, 
pharmacological, toxicological, and therapeutic 
aspects of the Indian species of Arftmesia 
mariiima and Ephedras. Excellent quality of 
santonin can be obtained from Indian Artemesin growing in 
Kashmir. Indian Ephedras grow in great abundance in certain 
parts of the Himalayas and give a good yield of the alkaloids. 
Although pseudo -epbedrine pr^ominates in some species, others 
give good jrield of ephedrine. It was also shown that pseudo- 
epbedrine is pharmacologically as active as ephedrine in many 
respects, is less toxic than ephedrine, and is even a better cardiac 
stimulant than epiiedrine. 

Considerable attention was paid to the pharmacological and 
Anth-lmin.lc8 to««>logic?l properties of a number of anthel- 
mmtics, chief amongst which were carbon 
tetrachloride, santonin, and oil of chenopodium. Carbon tetrachlo- 
ride was found to be toxic to the liver and this toxicity was not 
reduced by the administration of sugar. In suitable doses, how- 
ever, it could be safely administered, provided the diet contained 
a plentiful supply of proteins and carbohydrates and was 
&ct too rich in fats. Besides such isolated observations on 


Indian Artemesla 
and Ephedras 
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individua] anthelmintics, a large volume of data based on laboratory, 
hospital, and field work on various aspects of the anthelmintics 
problem was collected and published in the form of a book entitled 
Anthehnintic$ in Mtdical and Veterinary Praeltce ' by R. N. 
Chopra and Asa C. Chandler, published by Williams and Wilkins 
& Co., Baltimore, America. 


(6) Pesearchee on the venome of Indian snakes. 

The snake venom enjoyed a great reputation in India as a very 
potent remedy in cardiac failure and as a general stimulant. A 
study of the pharmacological action of snake venoms was therefore 
started in ID31, and has been continued since then. Venoms from 
cobra, Russell’s viper, and saw*scaled viper were studied from the 
pharmacological, toxicological, biochemical, and therapeutic view- 
points, Contrary to popular belief, the venoms do not seem to 
possess any stimulant action on the heart. Cobra venom, however, 
has been useful in relieving pain in cancer and in exerting a 
beneficial influence in chorea, insanity, and epilepsy. How it brings 
about this effect is not yet explained. 

(c) Pesearches on the physical properties of blood sera in 

health and disease. 

In order to explain many pharmacological and toxicological 
phenomena which arose in the course of other researches, work was 
undertaken to study carefully the physical and biochemical 

J >roperties of blood sera in healthy individuals and in different patbo- 
ogical states. Much interesting and instructive data have been 
collected in this field and have thrown a flood of light on many 
hitherto unexplainable and obscure problems. In general, patho- 
logical sera show a high viscosity, low surface tension, and diminished 
buffer action . The electrics I properties also show si^iifioant cb anges 
from the normal ranges. In kala-azar, the serum proteins undergo 
marked changes and the viscosity rises much more than in any other 
disease like tuberculosis, syphilis, or leprosy. 

(d) Researches on Indian indigenous drugs. 

A very important research programme which had a far-reaching 
influence on the scientific and economic aspects of Indian medicine 
was the investigation, on modem scientific lines, of the claims 
of the rich materia medica of the Ayurvedic and Unani systems of 
medicine. In 1924, a programme of research was decided upon and 
this programme has since been strictl}* adhered to. The main 
purposes of this research are as follows : — 

1. To investigate the possibility of manufacturing the drugs 
official in the pharma cop® ias of Great Britain and 
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the United States from Indian sources, thus reducing 
the present enormous cost of importing these drugs 
from foreign countries. 

2. To investigate the possibility of utilizing Indian plants 

and drugs whose active therapeutic principles closely 
resemble those of the official pharmacopoeial drugs. 

3. To investigate the remedies used in the indigenous 

systems of medicine in India which have an estab- 
lished reputation under strictly scientific and experi- 
mental lines, in order to assess their real value. 

4. The working out of an Indian Pharmaropcsia, consisting 

of drugs and remedies mostly of Indian origin, in 
order to render India almost independent of outside 
resources. 

During the last 12 years this inquiry has done a considerable 
amount of work which has not only received local appreciation but 
international recognition. The Departments of Pharmacology and 
Chemistry of the School is now considered ai^ authority on all 
questions in connection with the chemistry, pharmacology, and 
^erapeutic uses of the Indian indigenous drugs. A team of 
botanists, chemists, pharmacologists, and clinicians are co-operating 
in this work and the plan of attack has been to study, first, the 
chemical composition of the drugs in order to determine the nature 
of the active principles contained in them. The pharmacological 
action and toxicity are then worked out on laboratory animals. 
When these laboratory findings have reached a stage when a definite 
opinion as to the value of the remedy can be formed, the drug 
is given a clinical trial in the special research hospital attached 
to the School of Tropical Medicine. A drug is only considered 
Worthy of being introduced and recommended for clinical practice 
when it has passed satisfactorily through all these tests. It will 
net be possible here to indicate the extensive work that has been 
done. A complete list of all the indigenous drugs so far investigated 
Id given below. Though no epoch-making discoveries have been 
made, this inquiry has shown that only a very limited number 
of indigenous remedies deserve the reputation they have earned as 
cures and that quite a large proportion of them are absolutely 
worthless and have probably crept into the system through tradition 
end folklore. On the other hand, as a result of this work many of 
the pbannacopceial drugs and allied species grown in India have 
been brought into use in the manufaoture of pharmaceutical 
preparations in this country. The work done in this connection up 
^ 1932 has been published in a book entitled the * Indigenous 
Dcuga of India * by R. N. Chopra, published by the Art Press, 
Calcutta. Further work will be included in the edition which is 
now due. 
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Abhrak vasman. 

Abroma augusta. 

Acanthus ilicifolius. 
Aconitum ferox. 

Aconitum lycoctonura. 

* Aconitum napellus. 
•Aconitum napellus (Mohri). 
Adhatoda rasica. 

Alangium lamarckii. 

Alstonia scholar is. 

Antiaris toxicaria. 
Aristolochia indica. 
•Artmesia maritima. 

•Atropa belladonna. 

Banga bhasman. 

Berberis aristata. 

Berberis asiatica. 

Boerhaavia diffusa. 
Bryophyllum calycinum. 
Butea frondosa. 

•Camphor. 

Cosalpinia bonducella. 

Carica papaya. 

Cephalandra indica. 
•Chenopodium ambrosioidea. 
•Citrullus colocynthia. 
Colochicum liiteum. 

Coptis teeta. 

Corchorus capsular is. 

Crocus sativus. 

CucuDiis sativus. 

Dsmia cxtensa. 

Dendroblum macrael. 
Digitalis lanata. 

•Digitalis purpurea (Indian). 
Ephedra pachyclada. 
•Ephedra vulgaris. 

Erythrina indica. 

Eugenia jambolana (seeds). 
•Glycyrrhiza glabra. 

Gmelina arborea. 

Gold kusth. 

Gratiola monniera . 

Gymnema sylvestre. 
Holarrhena ant idysent erica. 


*Hyd nocarpus anthelmintica. 
•Hydnocarpus wigbtiana. 
•Hyoscyamus mutious. 
•Hyoscyamus niger. 
Hygrophila spinosa. 

Inula racemosa. 

IpomcBa hederaceas. 

Iris root. 

Juniperus communis. 
Juniperus macropoda. 
Lathynis sativus. 

Lavatera ashmiriana. 
•Lobelia nicotiansefolia. 
Makaradhaja. 

•Mentha arvensis. 

Menthol. 

Moringa pterygosperma. 
Musk. 

Papaver somnifcrum. 
Paspalum scrobicu latum. 
Phyllanthus urinaria. 

•Pi eras ma quassioides. 
Picrorhisa kurrooa. 

Pistacia integerrima. 

Plantago ovata. 

Podophyllum emodi. 
Pongamia glabra. 

Premna integri folia. 

Psoralia coryli folia. 
Psychotria ipecacuanha. 
Raiiwoliia serpentina. 

Rheum emodi. 

Sansevieria zeylanica. 

Saraca indica. 

Saussurea lappa. 

•Scilla indica. 

Sida cor difolia. 

Silajit. 

Planum indicum. 

Soymida febrifuge. 

Swertia chirata. 

Sweth parpatl. 
Tabernoemontana coronaria. 
Taraktogenos kurzii. 
Terminalia arjuna. 


Those with an asterisk are official in the Pharmacopoeia 
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Terminalia chebula. 
Thevetia neriifolia. 
Tinospora cordi folia. 
TribuJus terrestria. 
Tylopbora asthmatica. 
*Urglnea indica. 


^Valeriana wallicbii. 

Vernonia (Seiratula) anthel- 
mintica. 

Vitex pedimcularis. 
Xanthoxylon acauthopoJlum. 


(e) RtseartAts on drug addiclion in India, 

That drug addiction is a menace to the physical, mental 
and moral well-being and development of tho individual and 
therefore, of the whole nation is sufficiently well recognised to>day 
and the Xjeague of Nations have repeatedly made attempts to 
stop drug addiction in every form in all parts of the world whore 
it exists. Like other countries, India has her own problem of 
drug addiction but it is more widespread than in many other parts 
of the world. This will be evident from the fact that whereas 
in other civilised countries, the drug addiction rate of the population 
is from 0*1 to 0*2 per cent, in India in some areas, the rate may be 
from 1 to 3 per cent. The whole subject is of vital importance from 
the social, economic, and health points of view, and an investigation 
into the various aspects of the problem was urgently called for. 
Since 1926, a large volume of work has been done both in the labora- 
tory of the Tropical School as well as in the field. Tho drugs of 
addiction so far studied include opium, alcohol, Cannabis indica, 
cocaine, chloral hydrate and barbiturate. In ISOo, a Koyal Couimis- 
sion of experts reported that moderate indulgence in opium eating in 
India led to no injurious effects. This conclusion has been definitely 
disproved now and there is no doubt that opium eating produces in 
Indi ans deleterious actions similar to those produced in Europeans. 
Laboratory studies on addiction were chiefly directed to observations 
of the effects of addiction on human beings as well as on laboratory 
animals and to find measures to counteract the ' withdrawal ' or 
s^tmence symptoms. Several methods of treatment which Jiave 
been advocated from time to time were tried but administration of 
jecithin injections appeared to give the most promising result. 
The field studies included extensive general surveys of the extent 
of addiction of opium, bemp^ cocaine, etc., in the various provinces 
^^a. Opium addiction is definitely decreasing but cocaine 
admetion, which Is of comparatively recent oriem, shows signs 
of increase. The study of drug addiction in Inma has revealed 
in toy interesting facts which are of importance from medical 
tod sociological points of view. 


* Thoea with an asterisk are official in tha Pbaimacopcaia. 
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(/) CkemotktTapexUic studies on anti-malarial and anti-dysenieric 

remedies. 

The effectiveness of a number of natural and synthetic anti- 
malarial remedies, e.g., quinine, atebrin, plasmoquin, malar can, 
tebetren, paludex, etc. was tested on human malaria and in monkeys 
infected with a haemoprotozoon called Plasmodium knowUsi. This 
plasmodium appears to be closely related to the parasites of human 
malaria and hence the results obtained from these observations 
could be readily applicable to man. Considerable amount of 
interesting work on different aspects of malaria therapy has been 
done on this experimental animal. The concentration attained 
by tlie new anti-malarial remedy, atebrin, in the circulating blood 
at different intervals of time in relation to parasite count was worked 
out. A new and comparatively easy method for the estimation 
of atebrin in small quantities of blood was devised and it was shown 
that the highest concentration of atebrin occurs between ^6 hours 
after injection. The number of parasites diminishes markedly 
during the period when the concentration of the drug in the blood 
is highest. The same relationship does not hold good in the case 
of quinine and therefore it is probable that the nature of action of 
these two anti-malarial remedies is probably different, atebrin acting 
directly on the parasites whereas the other (quinine) exerting its 
influence through some defence mechanisms of the body. It was 
further shown that atebrin had an exceptionally powerful destructive 
action on both the schizogony and gametogony of ape malaria, 
a small dose (0*5 gm.) being sufficient to control a very heavy 
infection. Owing to its slow excretion atebrin appears to exert 
a more prolonged action than quinine but there is more chance 
of relapse with the drug. 

The treatment of chronic Intestinal ammbiasis presents many 
difficulties in the tropics and none of the treatments recommended 
in this condition may be considered satisfactory. Chemothera- 
peutic studies were, therefore, conducted both in the laboratory as 
well as in hospital with the alkaloids of the Kurchi bark {Holanhena 
aniidysenierica) and an organic arsenic derivative called carbarsone. 
Karcki is a well known remedy of the indigenous medicine in India 
and it was exhaustively investigated at the School both chemically 
and pharmacologically. An extensive trial was given to both the 
individual alkaloids contained in the bark and also the total alkaloids. 
A preparation of the total alkaloids, called * kurchi ’ bismuth iodide 
however, showed a great promise of efficacy and encouraging results 
were obtained with this preparation. The laboratory experiments 
and clinical observations so far made with carbarsone appear to 
give the impression that it is a safe, efficient and reliable remedy for 
amcebiasis. 
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{g) Biologic/ll sUindardizaiicm of drugs on the Indian 7narket, 

Early in the course of the investigations on drugs at the School 
of Tropical Medicine, it was evident that a state of absolute chaos 
exists with regard to the drug trade in India. A large number 
of drugs on the market were biologically tested in the department 
of pharmacology and were found not to jkwscss the therapeutic 
activity that they are alleged to have. The high atmospheric 
temperature, combined with a high degree of humidity produce 
deterioration during storage, even of some of the products of 
reliable English and American firms. Those manufactured in 
India, including some of the potent compounds of arsenic and 
antimony, are subject to no control whatever by State and 
consequently they vary a great deal in strength. In the absence 
of any legislation to prevent drugs of poor quality being sold freely 
to the public, the Indian market is glutted witli spurious products 
end this constitutes a serious menace to public health. In 1930, 
a Drugs Enquiry Committee was appointed by the Government 
of India under the Presidentship of Bt. -Colonel R. N. Chopra, C.I.E., 
K.H.P., LM.S., to go fully into the question of drug adulteration in 
India. This committee emphatically brought out the urgent need for 
the standardization of drugs and for some legislative measure to con- 
trol drug trade in India. It is gratifying to note that as a result of the 
recommendations of the Drugs Enquiry Committee, the Government 
of India have taken steps to introduce a new bill to control the 
import of adulterated drugs into India. A Bio-chemical Standardi- 
zation laboratory has also been recently established under the 
direction of Bt. -Colonel R. N. Chopra to analyse and assay the 
purity and potency of medicinal preparations in the Indian market. 
It is hoped that these steps will go a great way in remedying the 
evil of c^g adulteration and spurious drug trade in India. 


XIII. BreilOGRAPHY. 

Many references on the subject would be found in the BJochemi- 
oai and allied Research in India, 1930, 1931, 1932, 1933, 1934, 1935 
and 1936 (Publication of the Society of Biological Chemists, 
India), and in The Proceedings of the Indian Science Congress. 
The papers are scattered in numerous journals, of which the most 
important are: The Indian Journal of Medical Research, The 
Indian Medical Gazette, The Quarterly Journal of Experimental 
Physiology, The Journal of Physiology, The Journal of Anatomy, 
The Biochemical Journal, The Journal of The Indian Institute 
of Science, Current Science, Nature, Proceedings of the Indian 
Academy of Science, The Calcutta Medical Journal, Patna Medical 
JoumU, The Journal of the University of Bombay, The Medical 
Bulletin, The Journal of the Mysore University, Journal of the 
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Lidmn Chemical Society, and The Indian Journal of Agricultural 
Research. The Proceedings of certain Societies, such as The 
Physiological Society of India, and the Grant College Medical 
Society, etc., also contain some of the papers. 
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I. iKTBODrOTlON, 

The amount of medical research work carried out in India 
and the contribution to the knowledge of the various peculiar 
conditions that affect the health and well*being of the people 
have not been small during the past twenty ^five years. 

The problems facing the research workers in Medicine are 
multifarious, varied and beset with difficulties in India. Yet 
the spirit and zeal of the medical men in India are ever increasing 
and a great volume of useful work is now being done in every 
province. 

Only a short account of medical research in India during the 
period under review will be presented here. 

Among the principal diseases which devastate the population 
of India are malaria, kala-aaar, plague, cholera, typhoid fever, 
dysentery and inff uenza. The annual toll of human life and suffering 
attributable to these diseases is alarming. The problems of filariasis, 
ankylostomiasis and tuberculosis are not any the less important. 

{ 631 ) 
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Diseases due to malnutrition and to the peculiar socio.economic 
conditions, which are engaging the attention of the authorities 
at the present day, are also of special interest to the country. 
Most of tlie problems connected with these diseases cannot ha 
remedied unless and until the economic condition of the population 
is greatly improved and the standards of life, education and hygiene 
are greatly raised. 

In one of his Annual Reports the Public Health Commissioner 
writing about the control of tuberculosis said that ‘ In the practice 
of taore hygienic methods of living, in the provision of ample and 
nutritious food supplies and generally in a wider appreciation 
of the dangers inherent in harmful social practices will be found 
the way to a gradual decrease of this scourge of civilization and 
generally to healthier and happier people *. This is not only true of 
tuberculosis but also of many of the other important diseases 
prevalent in this country. 

India is a vast country and the problems in the difierent 
provinces are not alike. All varieties of temperature and climate 
are met with in India. Variations from the arctic climate of the 
Himalayas to the equatorial conditions of Bcorcbing heat and high 
humidity are iri existence. The torrential rains of the sub- 
Himalayan tracts on the east of India are in marked contrast 
to the absolutely dry climate of Rajputana, Sind, etc. The 
variations in the diet and habits of the people are also equally 
marked. The people of different provinces take entirely different 
diets. From the fairly well-balanced diet of the Punjabee to the ill- 
balanced diet of the Madrasee and the Bengalee all grades of defective 
diets are met with. The nature, distribution and importance of 
diseases, therefore, necessarily vary from province to province. For 
example, if we draw a line from Simla to Cape Comorin, kala-azar 
prevails east of this line, and oriental sore west of the line. Plague 
is confined more to Western India and there is less pla^e in Eastern 
India, The malarial problem of the Punjab is different from that 
of Assam. The distribution of cholera follows the main riverine 
routes from its borne of endemicity in Bengal, though here the 
quick methods of travel now available have altered the distribution 
to a great extent. 

II. Chodera. « 

Our knowledge of the bacteriology of the Vibrio cholera 
has been very limited for a long time past. Greig introduced 
differentiation of cholera and para-cholera vibrios by means of 
hfl&molytic reactions. Investigations on the differentiation of vibrios 
by agglutination methods, however, have proved only of limited 
value for their cla4?sification. Reports of many non -agglutinating 
cholera vibrios found in convalescents and healthy persons acquiring 
agglutinnbility after a time and vice versa are found in the records 
of investigations published frotxk time to time. Tomb and others 
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considered that non-agglutinating vibrios could, under favourable 
circumstances, be transformed into true agglutmating cholera 
vibrios. Taylor and Ahuja found that agglutmable vibnos from 
healthy individuals in an endemic area of Bengal were indistinguish- 
able from true cholera vibrios. They also found tlint non-agglutina- 
tins vibrios isolated from water of a non-endemic area in Koliat— 
far removed from Bengal— developed all the biological cl.araoters of 
the true cholera vibrios including agglutinability, after .nx montlis 

of Bubculturc. , . . X 

Lip ton, SlirivasUva and others working on the anti^uic struc- 
ture of cholera and other vibrios found that a study of their chomical 
composition would be helpful in differentiating the path ogoinc 
from nop-pathogenic varieties. Linton’s classification of the vibrios 
on the basis of their cLiemical structure has been shown to fit in better 
with the epidemiological findings than serological or bio logical 
methods of classification. Linton and co-workcrs found on 
an analysis of the carbohydrate fractions of various vibrios that 
they could be divided into three typea, namely (a) containing 
galactose combined with an aldobionic acid, (6) containing arabino» 
ecmbiped with the same aldobionic acid, and (c) containing only 
glucose. The vibrios from cholera cases were generally found 
to fall into group a but sometimes into group b ; the water 
vibrios fell into group 6 only ; the vibrios isolated from carriers 
or obtained from old laboratory cultures fell into groups a 
and c. Thus they found that a mere study of the carbohydrate 
atnicture failed to differentiate satisfactorily the various vibrios. 
A study of the protein fractions, showed the presence of two types 
of proteins, I and II. On the basis of the discovery of the three 
typ« of carbohydrates and of the two types of proteins they 
ivided the vibrios into six groups. According to this groupuig 
vibrios of groups I and II were found to be invariably associated 
with cholera cases ; vibrios of group III were derived from water, 
vibrios of groups IV and V were carrier strains and vibrios of group 
VI were old la^ratory cultures. They also worked on the problem 
of dissociation of the vibrios. In this connection a remarkable 
series of experiments was conducted specially with reference 
to the gain and loss of specific carbohydrates, appearance of a 
dissociant of an entirely different type of protein and carbohydrate. 

L’Herelle found that bacteriophage played an important role 
uot only in the epidemiology of cholera but also in the cure of the 
^iswe. He found that persons in whom bacteriophage was feebly 
developed or not developed at all, usually died of cholera, but 
^ose in whom strong bacteriophage was present usually recovered. 
Us prepared active bacteriophage for field trials and reported good 
results after its use in the Punjab. D’Hereile claimed that 
natural recovery in cholera was the result of the development of 
bacteriophage in the bowels. The phage destroyed the cholera 
Vibnos or converted them into harmless non-agglutinating vibrios. 
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He also claimed that if contaminated wells are treated with bacterio* 
phage they become free from cholera vibrios. Ross corroborated 
l>’HereHe’s views and found that active bacteriophage was directly 
associated with natural recovery from the disease. He, therefore, 
recommended that phage should be tried extensively in cholera. 

H'Herelle and Malone classified choleraphages into Nos. 1 to 10 
in proportion to their strength and advocated treatment of cholera 
with the powerful bacteriophages contained in Nos. 9 and 10. It 
was found that these phages could rapidly destroy the virulent 
vibrios in culture. In their opinion, the cessation of epidemics 
was ascribed to the wide dissemination of bacteriophage throughout 
the community and in its environment. 

The work of D'Herelle in India was continued by Asheshov. 
He found three types of bacteriophage, A, B and C. While any 
single member of these three types failed by itself to destroy the 
whole of a virulent cholera culture, a combination of all three types 
was effective in destroying all the vibrios. Asheshov and others 
described the methods of preparation, classification, and deter- 
mination of virulence of bacteriophages. Row found that 
within optimum limits, lysis by type A of choleraphage is enhanced 
by increasing the acidity, and type B by increasing the alkalinity. 
Pasricha and deMonte described a new type D and later described 
types £ and F of bacteriophage. They suggested classification 
according to the lysability by pure line choleraphagea and stated 
that B, C and D types undergo mutation in nature. 

The prophylactic use of bacteriophages has been tried in 
different parts of India with varying results. Weils were also 
treated with bacteriophage. By these measures the incidence 
of cholera was reduced by 90 per cent as compared with untreated 
controls. Trials in Bibar gave good results. But the extensive 
trials carried out in Madras failed to give very promising resulU. 

Regarding the treatment of cholera cases witli bacteriophage 
Morison stated that the bacteriophage treatment of cholera in 
the Khasia Hills was remarkably successful. ^ j 

Anti.cholera vaccination originated by Haffkjne has had 
an extensive trial in this country for a number of years and 
expectations have been well realized. Its ments are appreciated 
and it is very popular with the public health authorities. 

Considerable work has also been done on the epidemiological 
a.spects of cholera. Greig found, from a study of epidemics, that 
the spread of the disease occurred through pilgnni routes. 
Brahmachari sliowed, by statistical analysis, that cholera epidemics 
oc cur red period I cal 1 v every 5 years in most pro v in ces . 

Russell and Sundararajan investigated the question of periodi- 
city of cholera incidence in the different provinces of India by mca^ 
of ‘ periodogram analysis * and demonstrated a five-yearly cycle 
in Eastern Bengal and Assam and a six-yearly cycle in other parts 
of India. They found that while temperature and atmospheric pres- 
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sure have very littJe direct c-orrelatlon. humidity has a fairly high 
positive correlation and rainfall a negative correlatioii in certain 
areas. Rogers after studying records of 60 years for each province 
of India, declared that it was possible to forecast every serious 
cholera epidemic by taking into consideration the cholera mortality 
during the previous three years, the distribution and amount of 
rainfall during the past year and the movement of absolute humidity 
to or beyond a critical level as the cholera season approacJies. 

Ross's work showed that the climatic conditions of temperature 
and humidity act through favouring the prevalence of flics. Gill 
and Lai found that the fly was not merely a mechanical carrier 
of the vibrio and they adduced evidence to suggest that the vibrios 
undergo a biological transformation in the fly. 

The treatment of cholera with intravenous injection of hyper- 
tonic saline was introduced by Rogers and constitutes great 
advance in the treatment of the disease. It is indicated in the 
treatment of anuria, regard being bad to the eomlitions of the 
puUe, blood pressure, specific gravity, alkalinity and pH value of 
the blood of the patient. 


III. PLAOfE. 

Plague is another dreadful disease that is widely prevalent 
in India causing an annual mortality of about 100,000 people. 
The most valuable contribution to our knowledge of plague was 
made by the Indian Plague Commission. The Commission were 
tbe first to show that plague is primarily a disease of rats and that 
infection spreads from rats to man through the bite of fleas. An 
epizootic of tbe disease occurs first among rats, R. fiorve^icus 
and R. rattus, and ibis epizootic is followed by an epidemic in 
human beings. Plague in the rats is a septicaemia and the Ocas 
parasitic on them get infected by ingesting tbeir blood. The plogne 
organisms multiply in the gut oHho flea and are transmitted to raU 
and man by the bites of the infected fleas. Although the Commission 
concluded that rat fleas were responsible for transmission, they 
did not study the role or importance of the different species of 
fleas in epidemiology of the disease. From the investigations 
of Rothschild, Hirst, Cragg and others, much information was 
gathered in this respect. Hirst develops his well-known theory 
that the distribution of plague was related to the prevalence of 
oertoin species of rat fleas. He found that A', cheopis had far 
g^ter plague-carrying j»wcrs than X. a^tia or X. braziliensis, 
®>iid that ‘ climatic conditions limit but do not govern the geo- 
g^phical distribution of rat fleas.* Webster and Chitre after making 
? floa survey of Bombay, showed that the prevalence of X, cheopis 
^6 to 12 times more numerous on R. raitus than X. aslia and that 
X. braziliensU was rare in Bombay. They abo found that the 
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* blocking phenomenon ’ with plagne bacilli in the fleas resulting 
from the influence of climatic conditions was a very important factor 
in the spread of plague ; on account of this even with a rather 
limited range of temperature and humidity during the epidemic 
season in Bombay a much larger proportion of infected fleas are 
able to transmit the disease. Goyle confirmed Hirst's theory 
about the importance of cetain species of fleas as determining 
factors in the prevalence of plague. He found that X. ckeopis 
was a more efficient vector than X. a^iia. He also found that at 
a temperature of 68^ F. transmission by X. ostia was checked by 
a saturation deficiency of 0*3 of an inch, while the transmission 
by X. cheopis was only stopped by a saturation deficiency of 0*6 
of an inch. 

P. J. Barraud found that both X. ehs/ypis and X. ostia were 
present in Assam, the average number of each per rat being about 9, 
and yet Assam has been free from plague. It is a puzzle why 
plague does not flourish in Bengal. Assam and in some other 
provinces of India. Row made a detailed study of the factors 
influencing the rise and fall of epidemics of plague in India in general 
and the causes for the disappearance of the disease from Calcutta in 
particular. His resulto show that while conditions favourable 
for the transmission of infection still exist in Calcutta and other 
areas, plague has failed to spread in them due to some unknown 
factor connected with the secular trend characteristic of the disease. 

The absence of plague in Madras city has, however, been 
found to be due to the fact that the aslia index of Madras is nearly 
100 per cent ; whereas in infected areas like Bombay it is the 
cheopis index that is very high. . t 

About 40 years ago, the annual plague mortality in India tos 
1,300,000. This figure has now been reduced to less than 100>00a 
per year, mainly through improvement in hygiene and sanitation, 
through a campaign against rats and rat fleas and finally through a 

wider use of prophylactic vaccination. , x i 

An effective method for the destruction of both rats and 
fleas has been found in the treatment of rat holes with cyano-gas. 
This is a proprietory preparation, capable ^liberating hydrocyanic 
acid gas when exposed to air. In the Cumbum Val ey in the 
Madras Presidency the value of cyano-gas fumigation in the <^o'itrol 
of plague has been tested on an extensive scale and found to bo 
excellent. Reports from other parts of India are also very 
favourable. Thanks are due to the Rockefeller Foundation for 
financing some of these researches and for helping to populanz© 
cyano-gas in the control of plague. . , , • ^ 

For immunization of susceptibles, Haffkine a plague vaceme 
is still used. It has given excellent results in India. An enormous 
amount of useful work has been done on the preparation ana 
standardization of plague vaccine by Naidu, Jung and others 
at the Haffkine Institute, Bombay. 



BBAHMAOSARI t MEDICAL RB3EABOU. 


037 


Regarding the clmical varieties of plague, bonidcs the bubonic, 
septicemic and pneumonic types, a new type called cellulo- 
cuteneous ’ type haa been described by Choksy. 

Regarding treatment, no tangible results have so far been 
obtained Various antiseptics like iodine, carbolic acid, mereuro- 
chrome, and others have been tried. None of the drugs c^an be 
said to be satisfactory. Bacteriophage treatment has been fontid 
to be useless. The latest line of research work on the treatment of 
plague is with regard to the preparation of a potent anti -plague 
serum for therapeutic use. Sokhey has recently evolved quantita- 
tive methods for measuring the virulence of strains of P<w/. 
peitis and the protective value of plague vaccines. Large quantities 
of specific anti-serum have been prepared at tbc Haffklne Institute 
from horses and are awaiting field trials. The preliminary tests, 
however, show that the use of this anti-plague serum reduces case 
mortality by over 50 per cent. Tiie results of this important work 
are being awaited with great interest. 


IV. Malaria. 

Malaria is the most important and widespread of all the diseases 
preTalent in India. It causes the greatest amount of morbidity 
and mortality ; over 100 million people suffer from the disease 
and nearly 1 million die of it every year. Since Ross's monumental 
work on the mosquito transmission of malaria, workers in India 
have carried out an enormous amount of valuable research work 
on various aspects of malaria. The work of James, Cbristophcre, 
Barraud. Sinton, Puri and lyenger on the entomological aspect, 
specially with reference to the identification of Indian species 
mosquito adults and larvsa, is extremely valuable. Gill's work 
on the epidemiology of malaria in the Punjab with special reference 
to the forecast of epidemics is recognized to be of a high order. 
The studies of Sin ton, Co veil. Me non, Krishnan, Bailey and others 
on the relation of irrigation to malaria in different parts of India 
have helped greatly to advance our knowledge of the subject. 
The investigations of Chalam. Senior- White and others on the 
relation of malaria to Railways and of Strickland on hill malaria 
are highly enlightening. The observations of Bentley on malaria 
and bonification in deltaic areas in general and in the Gangotic 
Delta in particular are well-known. The elucidation of the special 
features of the Assam malaria problem by Rice and Ramsay has 
been of enormous practical importance in control work. The 
demonstration of the value of * drug prophylaxis ' in malaria 
tmugh mass distribution of quinine in the rural areas of India 
wmshee some hope for the future of rural malaria control in India. 
The early and timely discovery of the migration into Bengal of 
dnqpAelea ladlowi or as it is now ^own A . 9U7^icv$ Rod., which was 
discovered by Brahmachari years ago in Calcutta, and the possible 
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dangers from it to Calcutte, by Iyengar and Senior- Whit© has con- 
siderably helped to check epidemic prevalence of the disease through 
this agency in Calcxitta. The contributions of Knowles and Das 
Gupta on the parasitology of malaria in man and monkey have 
clarified many important points. Reference may be made to the 
cytological and splenectomy experiments of Krishnan and Napier 
with special reference to the role of the spleen and of the reticulo* 
endothelial system in malarial immunity. Reference may also be 
made to P. Brahmachari, U. Brabmacbari and Banerjea’s work on 
the chemotherapy of quinoline compounds. The discovery of a 
monkey Plasmodium causing hsmoglobinuria has opened up many 
new lines of investigation, particularly for the testing of nexy 
antimalarlal drugs. Work in this direction is being conducted by 
Chopra, Shortt and others and is likely to be of great practical 
value in chemotherapy. Very recently, Taliaferro and Mulligan 
have worked out the Ustopatholog^* of malaria with special reference 
to the macrophages in defence. 

An enormous amount of work has been done on malaria in India 
particularly by Christophers and Sinton. In the earlier days 
Christophers collaborated with others, notably with James, Bentley 
and Liston, and in more recent years, ho was in part responsible 
for advising or directing the researches of malariologists, among 
whom we may mention Sinton, Barraud, Coveil, Shortt, Gill, 
Puri and others. This school of malariologists has been engaged in 
such diverse aspects of this problem as malarial surveys, the collec- 
tion of epidemiological data, field experiments on mosquito reduc- 
tion, the prevention of malaria in selected urban or rural areas, the 
forecastings of epidemics, the prophylactic uses of quinine and 

other antimalariaU. , , , , i ^ 

Reference may just be made here to the work on black water 
fever bv Christophers and Bentley, malaria research Jn the 
Andamans, tlie Federated Malay States and in the Dutch East 
Indies by Christophers and malaria in Mc.sopotamja and antimnlnnal 
operations at Bosra by Christophers and Shortt. Brahmachari and 
Sen have noted that during active hssmolysis in blackwator fever, 
the greatest amount of hsmolysis takes place m the liver. The 
recent work of Krishnan and co-workers on hlackwater fever has 
throM-n light on the «tiology of the disease and the lines of treat- 
ment that may profitably be adopted. 


V. KA1.A•A^AR. 

Kala-azar was, until recently, on© of the most terrible of 
tropical diseases. Although limited in distribution, it is a disease 
of enormous public health and medical importance in the localities 
in which it exists. So far as India is concerned, this diwase 
is of particular importance not only because it has sometimes 
assumed epidemic character and devastated several areas in Bengal 
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and Assam, but also because the disoovories of (h<- taiml agent, 
the mode of transmission of the disease and the latest advances 
in the successful treatment of a disease once eon>»iclcrcd incurable 
have all been made in this country. 

Soon after the discovery of the Twirasite of kala-nzar, Lushmarna 
rfenewint, Rogers succeeded in cultivating the Lc*ishman*l)cmovan 
bodies and demonstrated the flagellate forms of the pjirasitc in 
culture. Row succeeded in inducing cxpiTimental Ici.slnnaniaMS 
in the monkey and the mouse by the injection of the parasites 
in culture. In more recent times the morphology and development 
of the parasites Imve been worked out exhaustively by Christophers. 
Shortt a nd Ba rraud . 

During the last 20 years much attention has been dirc*oted 
in India towarcis the improvement of the diagnostic methods 
in kala-azar. The method of diagnosis by spleen and liver puncture 
is, of course, the best, but its employment is practically restricted 
to hospitals. Methods have also been devised for flagellate culture 
from the peripheral or splenic bloo<l in N.N.N. medium. 
Brabmacbari pointed out that there was increased amount of 
globulin as also the presence of an cosily preoipituble globulin in 
the serum of kala-asar patients. His globulin opacity teat and 
globulin ring (tat were the earliest methods of scrum diagnosis in 
kala.azar. These as well as the later testa devised by Napier 
{aldthytU teat) and by Chopra {urea-stibamint (eat) are probably 
dependent upon the above*mentioned factors. 

With regard to the tronsraission of kala oxar earlier investign- 
tions conducted in India led to the suspicion of the bed bug being 
the transmitting agent of the disease, but this view has now been 
discarded. Thanks to the researches conducted at the Calcutta 
School of Tropical Medicine by Knowles, Napier and Smith uml 
by Christophers, Shortt and Barraud of the Kala-azar Commission 
in Assam, it is now more or less conclusively proved that the sandfly. 
P. argeniipea^ is the transmitter of kala-azar in India. 

Christophers. Shortt and Barraud have demonstrated the 
whole cycle of development of Leishman-Donovan bodies in the 
sandfly P. argenlipta. They found that the laboratory- bred female 
P’ argenlipta when fed upon parasite containing blood of kala-azar 
patients showed herpatomonad forms in their fore- and midgut on 
the 3rd to the 5th day of tlie feed. The flies got rapidly fertilised 
and oviposited on the 4th day and then dierl. If females were 
kept separate from males and were made to feed a second time after 
4 days then they could be kept alive for 8 days. The infection be- 
came ve^ heavy and the whole of their intestinal canal, from tlie 
pmventriculus to the rectum, became engorged with flagellates. 
Since these fljidings numerous attempts were made to infect man by 
ffifected flies but with no success. Shortt, Smith, Krishnan and 
o^minath, however, succeeded in infecting hamsters (a Chinese 
redent susceptible to L. donavani infection) through the bite of 



640 


PROGRESS OF SCISNCB m QIDIA. 


infected sandHies. Thus although actual transmission of the disease 
to man has not yet been accomplished, the transmission of 
infection to hamsters through the bite of infected P. argerUipes 
affords almost conclusire evidence that this insect is probably the 
vector in kala-azar. The recent discovery in China of L. donot)ani 
in the throat and the confirmation of the same by Shortt lead to the 
suspicion that there may be other methods of infection. Knowles, 
Krishnan and others in explaining the difficulty of transmitting 
kala-azar to man advanced the view that healthy man is ordinarily 
resistant to infection and that only under certain conditions of 
lowered resistance he becomes susceptible to ir^ection with L. 
donovani. This view led to an investigation of the factors 
responsible for susceptibility and resistance in kala-azar by 
Krishnan. He found that susceptibility to kala-azar was deter* 
mined by a condition of heightened reticuIo*endothelial response. 

Reference may be made to two very important papers on 
insect dageltatea by Shortt : one on Htrpttomonas citnoccphali 
describing its reactions to different environments and the other on 
tbc Pathogenicity of Insect Flagellates to Vertebrates with special 
reference to Htrptiomonaa citnoctphaliJ* Shortt’s observation 
practically demolished the claims of certain well-known workers 
that many insect flagellates were pathogenic to birds and mammals. 

From 1924-31 over 50 papers on kala-azar and allied subjects 
were published by Shortt and co-workers of the Kala-azar 
Commission. The most important of these were : ' Not© on a 
Massive Infection of the Pharynx of PhleboUmus argerUipes with 
Herpetomcmas danotKini * ; * The Life-history and Morphology of 
Herpetom^ruM donovani in the sand fly PkUbotomu^ argenlipes * 
(This paper has been described as a classical paper and the account 
given has never been criticised in any quarter) ; ' An account of me- 
thods employed in feeding and re-feeding the sand fly, Phleboiomu^ 
argtntipts, for the second and third time on Man and Animals * ; 

‘ Note on a Massive Infection of the Buccal Cavity of PkUbotomus 
argentipes with Htrpetomonas donovani * ; * The Occurrence in 
Nature of Pklebotomus argtnlipe^ infected with a Flagellate Morpho- 
logically identical with Herptiomonas donovani * ; * Infection of 
Hamsters (Crialulus griseu^) with LeUkmania donovani by the 
oral and conjunctival routes * ; * LeUhmania donovani m human 
faces in Indian kala-azar * ; and ‘ Transmission of Indian kala-azar 
by the Bite of PhUbofomus argeniipts ^ 

Other contributions by Shortt on allied subjects include 
several papers on the blood parasites of reptiles and batrachia 
especially H<Bmopro(etu argeniipea ; Monocystis mackili, n. sp. 
parasitic in Pklthoiomns argtnlipes ; and life-history and morpho- 
logy of Trypanosoma phUbotomi. 

Prior to 1913 there was practically no specific treatment 
for kala-azar. It was a highly fatal disease and 95 per cent of 
the persons attacked died of it within a period of two or three years. 
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Shortly after Cristina and Caronia*$ successful treatment of infantile 
kala-azar by means of tartar emetic and the introduction of the drug 
by Eogers for the treatment of Indian kala-azar, Bralimachari 
synthesized a series of antimonials, notable amon^ wiiioh was a 
pentavalent organic antimonial, which was named urea siihamine, 
possessing remarkable therapeutic properties. Sliortt was the 
first to give a detailed account of successful treatment with this 
drug. Other therapeutic antimonials discovered by Brahroaohari 
need not be mentioned here. Napier has used neostibosan 
in the treatment of the disease. It has been recommended by him 
for the intensive treatment of the disease. Recently I/oe and 
co-worker in Cliina have observed that of the drug?* used by 
them, urea stibainine was the most potent in tlie treatment of the 
disease. Chopra, Gupta and David showed that the amount of 
precipitate fom\cd by treating solutions of various pent a valent 
antimony salts with sera of kala-azar patients, was in proportion 
to the therapeutic value of the drug and they noted that of the 
many antimony compounds tested by them, urea stibamino yielded 
the largest amount of precipitate. Brahmachari and Brahmachari 
have observed that intensive courses in which the injections of 
urea stibamino are administered daily or on alternate days are 
effective. 

In Assam mass treatment with urea stibamine was initiated 
by Government and as a result the prevailing epidemic of kala-azar 
was controlled, and the incidence of kala-azar in Assam has also 
been greatly reduced. In 1933, the Director of Public Health, 
Assam, noted that * it is no exaggeration to say that approximately 
3*25 lacs of valuable lives have been saved to the province. 
Other accruing advantages to the province may also be apparent.* 

In 1922, Brahmachari reported the presence of Irishman- 
Donovan bodies in nodular growths found on the body of a patient 
who had a long time previously been cured of kala-azar by antimony 
treatment. This peculiar skin condition was called ‘ Dtrmal 
Lti^manoid.' This condition is usually found in a certain per- 
centage of treated kala-azar cases alrout two years after ©a- 
tablishment of the cure. The parasites in these cases are very 
^rely or never present in the spleen, liver or blood but only in 
lesions. Since this observation a number of different 
clinical types has been described by various workers from the early 
dcpigmented cases to the extreme nodular types. The histopatho- 
l^gy of dermal leishmanoid was studied by Shortt as also by 
r. Brahmachari. Local lesions in the monkey have been produced 
hy intramuscular injection of scrapings from the nodules. 

^ Viable Ltiehmania have been cultured from these skin lesions 
^ ahndflies. They are. therefore, a source of infection 

ana the conquest of kala-azar cannot be regarded complete unless 
l^ions are either averted or quickly cured. Generally 
they take a prolonged course of antimonial treatment 
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and some of them, apparently considered incurable, finally yield 
to continued use of urea stibamine and metallic antimony 
inunction as noted by Brabmacbari and Banerjea. Recently it has 
been observed that in many cases the lesions disappear sponta- 
neously after several years. 

Apart from the fact that dermal leishmanoid may be a 
possible carrier of kala-azar, it is very necessary that its treatment 
should be improved so that the sufferer may be saved from the 
misery of an ugly disdguration to himself, his fnends and relations, 
as well as the danger of infection to the public with whom he may 
come in contact. 

VI. Epidemic Dropsy. 


Much work has been done regarding the clinical manifestations 
and etiology of epidemic dropsy. The disease was considered by 
Greig to be a manifestation of avitaminosis in persons taking 
polished rice which leads to loss of vitamins or some other vital 
minute constituents of rice. This view, however, has been given 
up now. Megaw and Bhattacharji suggested that parboiled rice 
stored under improper damp conditions gave rise to the disease. 
Megaw found that in any community the disease was frequently 
proportional to the amount of rice taken by its members. Acton 
and Chopra discovered a bacillus in infected rice which they thought 
produced a soluble toxin in the grains which when ingested produced 
the disease. A study of opacities in rice points to the possibility 
of the existence of a transmissible plant virus which leads to a 
later invasion of the damaged grains by soil bacteria. Dutt 
considered that the disease was a manifestation of intestinal sepsj^ 
depending upon the presence of a specific micro-organism. ^1 and 
Roy as a result of their epidemiological investigations of a few 
outbreaks in Bengal and Assam and also as a result of laboratory 
experiments, have recently brought forward evidence in favour 
of the old mustard oil theory. The theory was first suggested by 
Mitter (Howrah) from his clinical observations and later on further 
confirmatory evidence was put forward by Sen (Calcutta). Mustard 
oil may be contaminated with some impure constituents or there 
may be present an infective agent or lU toxin in some brands 
of mustard oil which may be responsible for the disease. The 
disease often occurs in explosive outbreaks, which are generally 
made up of a number of localized explosions. These leads to the 
suspicion of an infective material being responsible for the disease. 
The important views regarding the etiology of the disease may be 
summarised as: (1) Rice theory. (2) Mustard oil theory, and 
(3) Infecbions.conUgion theory. None of the above theories 
alone can, however, explain all facts in connection' with the disease. 
It is possible that more than one factor is concerned in the etiology 
and it is evident that further work must be done in this direction. 
The view that the disease is different from the wet form of ben- ben 
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is not yet completely proven. In some cases the occurrence of 
the disease fits in with the consumption of one brand of rice while 
in others with the consumption of some brand of mustard oil. 

Shanks and De have published detailed studios on the patho- 
logy of the disease. R. N. Chopra and V. P. Ba>u have found 
tincture of ephedra to be a useful remedy in the treatment of the 
cardiac complications of the disease. 


VII. Fu^riasis. 

Pilariasis is a very wide-spread disease in India and according 
to Megaw and Gupta it occurs all along the sea-coast and in the 
Gangetic valley. Although it docs not directly contribute towards 
an increase of mortality, there can be little doubt that it docs 
cause an enormous amount of sickness and suftering in the affected 
areas. Isolated workers in different parts of India, liko Oruikshank 
and Wright in Cochin. Oniikshank. Cunningham. Scethapathy 
and Panmt. and Pandit and Iyer in Madras. Das in Puri. Korke in 
Bibar and Orissa, Sundar Rao in several parts of India and Iyengar 
in Travancore. have carried out interesting research work and 
made very valuable contributions to our knowledge of filuriasis. 
Iyengar has shown that two types of infection are concerned in 
the causation of filariasis In India, namely Wuchertria bancrofli and 
Filaria maUiyi, the former infectioti being common in the urban 
and the latter in the rural areas. Certain differences have also 
been observed with regard to the clinical manifestations caused 
by the two infections ; while genital affections are extremely rare 
m areas where F. malayi is prevalent, they are quite frequent in 
W. ^ncrofti areas. The exact distribution of the two types of 
filarial infections has not yet been determined. A knowledge 
of it would be very valuable in control work, as FF. bancrofd is 
transmitted by CuUx /o/tgans, while F. rruUayi is transmitted 
^ mosquitoes of the genus Mansonioidts. The methods of control 
rot the two species of mosquitoes are quite different. The young 
of ifatuonioides stay below the water surface and are un- 
affected by t^tment with Urvicides. They can be controlled only 
by certain biological methods, such as the removal of those types 
of Water plants that favour their breeding, as has been suggested 
by Iyengar from studies in Travancore. 

, ^ regards the treatment of filariasis, considerable research 

iT?*? o^^Ti^d out in India, but we have yet to find a drug that 
would kill the microfilariae, or check an attack of lymphangitis. 

•1 ^d Rao carried out extensive researches on the respective 

of and nf pyogenio organisms in the causation of 

^ph angitis. Their conclusions were that the wonns merely 
. *?H®d the lymphatics and rendered them susceptible to bacterial 
““Ootion and that the actual cause of the attack of lymphangitis 
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was bacterial invasion, the source of the bacteria being some 
septic focus or foci in the body. 


VIII. Leprosy. 

In India it is estimated that there are over 150,000 cases of 
leprosy. Many workers all over India are devoting their time 
to the study of the problems connected with the disease and they 
liave within the last twenty 'five years made many valuable contri- 
butions to our knowledge of the disease. The names of Rogers, 
Muir, Lowe and others are well known in this connection. 

All attempts to grow Hansen’s bacillus by culture in vitro 
have so far been \in successful. In India Muir, Henderson, Lowe, 
and others have attempted to grow the organism in various special 
media, including a tissue culture medium, but the results have 
so far been negative. 

TliC mo<le of transmission of leprosy is not definitely known. 
Muir, Lowe and others, from a study of the problem in a largo number 
of cases, considered that in all probability the disease was transmit- 
ted through contact with infectious cases. But even so, the exact 
mode of entry of the organism into the body is not known. 

As regards the incubation period of leprosy, Rogers, as a 
result of his studies, came to the conclusion that on an average 

it is over 2 years and 2 months. 

Muir, Lowe, Chatterji afid others have developed 
useful laboratory techniques for the detection of Ltpra oacnlv 
in nasal scrapings, gland-puncture material, scropings of skin 
and pieces of nerves from anaUhetic cases. They have also 
studied the sedimentation rate, fragility of red blood cells and 
blood cholesterol content in leprosy 7'®"' 

their value in diagnosis and prognosis. Mwr and 
conducted extensive epidemiological studies on leprosy m India and 
have brought out many points of interest as regards *8® ^ 
distributiol predisposing factors and mode 
Tliey have not only shown that the highest 
is in the middle age period but also that m Uie 
of instances infection is probably contracted in childhood which 
U the p^i^d Lf mlxtoum^susceptibUity. They state_ that children 
from birth to 6 years of age are the most susceptible , 
the aces of 11 and 25 only debilitated persons contract the diseaM 
fn a sfve^ fon^ and the h^ealthy pe^na of that 
escane or at worst develop non-infeetive typ.^ of ‘he disease 
With regard to sex incidence they found that males suffer from the 
SetrS than females, in f and su^e^^^^^ 

that endocrine deficiency may be resf^nsible J"" J. "- 

With regard to the degree of spread of infection in 
found tfmi it could be determined by a study of the length and 
closeness of contact, the degree of infeetiousness of the ca.ses and 
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the resisting powers of the persons exposed to infection. With 
reeard to resistance to leprosy they established tlmt a good diet, 
speciaUy one containing plenty of milk inoreases resistance and 
nrerenle infection: they also found that the wide prevalence of 
theinfeetion was invariably assoeiated with a low economic state. 

It is well known that for a long time the treatment of leprosy 
bad been very unsatisfactory. In India the Ayurvedic physicians of 
old used chaiilaioogrn oil in the treatment of the disease. Ihcy 
generally administered the oil by mouth. This oil is a nasty drug 
Musing great discomfort and lepers were loath to take the oil. 

In 1^6 the oil was tried by injection in the Philippines, but it 
led to painful swelling and severe reaction, and had to ^ given up. 

It was left to Rogers in India to prepare a soluble sodium salt ot 
the fatty acid of the oil and use it by intramuscular and intravenous 
miections with great benefit. In his method of treatment there 
was uo discomfort and improvement was rapid. Rogers and 
Ganguli also obtained good results from the use of sodium 
morrhuate, Muir tried ethyl esters of chaulmoogra. olive, linseed, 
cod liver, gurjan and neem oils, and found that esters of hydno- 
carpus oil were of the highest therapeutic value. Pormerly 
Lyduocarpus oil was expensive because it was obtauicd only from 
Tarticicgtnu^ K-itrzit, which grows only in the dense jungles of Burma. 
Muir found that this oil could also bo obUined from Hydnocarpiis 
Wighixayuk which grows abundantly in certain parts of Southern 
India. The oil of this plant was found to be as efficacious in 
leprosy as the oil from Taractogtnus KurzU, and by this discovery 
Muir was able to reduce very greatly the cost of treatment of 
leprosy. Lately Muir advocated routine treatment with Hydno- 
carpus Wightidna oil with 4% creosote in increasing doses from 
4 to 10 c.c, intramuscularly ; when full doses failed to excite local 
reactions, he advocated sodium hydnoearpiite intravenously. 
A large number of other adjuncts to treatment have also been worked 
out by Muir and co-workers, and leprosy t oday is not the hopelessly 
incurable disease that it was years ago. 

An important contribution of Muir in the case of leprosy is 
his demonstration of the fact that leprosy is, in the majority of 
instances, a curable disease. By successfully treating several 
thousands of cases he has shown that early cases of leprosy can be 
cured and infective cases can be rendered non-infective through 
appropriate treatment. He is confident that leprosy can be stamped 
out hoax India provided (i) enough dispensaries are opened for 
the detection and treatment of cases, (ii) enough medical men could 
be trained to undertake this special work, and (iii) sufficient funds 
could be found for carrying out the above scheme. It is gratifying 
to note that many local bodies have already adopted Muir's recom- 
mendations and are deriving the benefits piloted by him. Rogers 
has made another valuable contribution to leprosy. He has been 
i^p^sible primarily for the establishment of the British Empire 
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Leprosy Relief Association. He conceived the brilliant idea of 
starting a central organisation for the relief of leprosy for the whole of 
the British Empire and sent out an appeal for funds. The response 
came from every comer of the Empire with the result that this 
vast humanitarian organisation came into existence in 1928 
and commenced its useful work soon after. In India a good part 
of the leprosy work that is being done today is financed by this 
Association. With such an organisation in existence it only remains 
for us to hope that the patience, perse verence and industry of the 
many selfless workers all over the world will help to stamp out this 
much abhorred disease. 


IX. Dysentery. 

The most momentous advance in the treatment of amoebiasis 
in recent times was the introduction by Rogers of the injection 
of emetine hydrochloride, though the oral administration of the 
drug had previously been advocated by Tuli Walsh and its toxic 
action on the amoeba studied by Vedder. Administered intra- 
muscularly, it was shown by Rogers to be effective in amoebic 
dysentery, in pre -suppurative hepatitis and amoebic abscess of the 
liver. The introduction of the drug has reduced the occurrence 
of amoebic abscess of the liver and the death rate from the disease 
to a remarkable degree. Acton and Chopra have shown the efficacy 
of the active principles of hurchi bark in the treatment of dysentery. 
En passant it may be mentioned that kurcht is well known in indi* 
genous medicine for centuries as a specific for the disease. 

The works of Cunningham in Bengal jails, of Krishnan in 
Cannanore jail and of Theodore in BelJary jail on the method of 
detection and treatment of latent dysentery of bacterial origin 
which form the bulk of the most dangerous carriers of infection and 
wliich constitute the chief source of the disease, have greatly helped 
in the control and prevention of the infection in jails. Through 
the adoption of the measures recommended by these workers the 
incidence of dysentery in the jails in India has been greatly 
reduced. Bacteriophage was also used by Morison with good results 
in Assam in the treatment of dysentery. 


X. Typhus Fever ; Relapsing Fever ; Sand-ply Fever 
AND Dengue ; Cbbebbo-spinal Fever. 

Megaw described tick typhus of India in 1916. It is a fever 
resembling louse, mite aiui flea typlms but 
Typhus Fever from them in that it is conveyed to 

mun from the rodents by the bite of ticks, and occurs chiefly among 
the Europeans while out shooting and fishing in the hills or open 
country but rarely amongst children of the indigenous popula* 
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tion The best known infected localities are Bbim Tal and Sat 
Tal at an altitude of 4,500 feet in the Kumaon Himalayas. 

Cragg lost his life in India from typhus fever during his mvesti- 
gations of loiise-bome typhus through accidental infection 
contracted in the laboratory. Typhus fever Ihougli having only 
a very limited distribution in India, occurring chiefly in the North 
West Frontier province, is of particular importance to the army 
stationed there. The work of Cragg, Megaw and Shorlt has shown 
that in India more than one form of typhus occurs. The pre valence 
of louse typhus and tick typhus has been established by Megaw ond 
Cragg beyond any doubt. The work of Shortt suggested that 
flea^rphus also may be present in India. He has worked out the 
distribution of tick typhus in India and made important laboratory 
endings in the disease. In Kasauli wild rats caught in nature 
have been shown to harbour the virus in their brain and transmission 
of the virus has been shown to occur in these animals through 
fleas. U*P. Basu reported cases of exanthematic typlius in Calcutta 
occurring amongst children with their clinical symptoms. 

Mackie showed that the body louse was the important vector 
^ ^ of the disease in India. In the Punjab, and 

Relapsing Fever p^^^i^tly ID Other parts of India, epidemics 

occurred in 1869, 1878, 1891, 1906 and 1920 (Gill). Cragg observed 
that in the United Provinces of Northern India though the disease 
was usually roost prevalent in the winter months, localized out* 
breaks of the disease occurred in the hot season in April and May 
but declined in June. The early hot weather is very favourable 
to the rapid development of the carrier lice, and the later very 
hot months are equally unfavourable. He also fonnd that 
the epidemic of 1917 in the United Provinces, as well as other 
outbreaks, including the great famine fever in Bombay in 
1877, were related to maximum temperatures in May of 10°F. 
or BO below normal favouring the continued activity of the 
lic e - a relationship that should enable future epidemics to be 
foreseen by watcl^g the meteorological records. Gill has des- 
cribed outbreaks in the Punjab, where Cragg found the conditions 
favouring the disease similar to those of the adjacent United 
Provinces, and be has recorded experiments proving that many 
more lice survived when the temperature was comparatively low 
and the humidity high in the critical month of May. Russell has 
reported outbreaks of relapsing fever from August, 1922, and May, 
1923, in Madras. 

Sachs concluded from clinical evidence that both tick and 
louse -borne relapsing fevers occurred in Chitral. Cunningham, 
and subsequently Cunningham and co*workers have shown that 
spirochsetes of relapses in relapsing fever differed serologically from 
the spirochsetes present in the hist attack. They have isolated 
9 serological types of spirochstes showing no morphological dif* 
ferences. Experiments to determine the origin of the various types 
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gave the conception of an organism composed not so much of pre- 
existing antigenic elements as of potential variants. The change of 
type seems to be a gradual process and occurs at difierent times 
during the disease. Occasionally infections with more than one 
type of spiroch«te have been observed. 

In 1906 McCarrison described the ‘ Three Days' Fever of 
Chitral and emphasized its resemblance to 
Sand^ Fever dengue, except for the absence of the secondary 
F^ver ® " s “ ® i,jgg Qf temperature and rash. He also suspected 

sandflies of being the vectors. The ‘ Seven 
Day Fever ' described by Rogers and the ' Five Day Fever ' by the 
present writer were cases of dengue. The observations of Knowles 
in Calcutta, and the careful investigations of Chandler and Rice 
on dengue in America, led them to exclude spirochstes as the 
cause of the disease. Sbortt was the first to cultivate the viruses 
of dengue and sandfly fevers on the chorio -allantoic membrane of 
the chick-embryo. 

The following notes are made from Russell's paper presented 
^ ^ , o-t F.E.A.T.M. congress at Nanking Cerebro- 

spinal meningitis is no new disease in India, 
it has appeared in epidemic form in certain 
parts of India in recent times, notably in Calcutta, Delhi and 
Abmedabad city of Bombay Presidency. There seems to be a 
tendency for epidemics to die out with increasing day temperatures. 
Attempts have recently been made to prepare anti -meningococcus 
serum at the Central Research Institute. Kasauli, Haffkine Institut^ 
Bombay, and other places. The strains of meningococcus isolated 
from Delhi and other places have been so far found to be of type III 
(Group I), whilst they react with the Oxford sera to full titre as 
tbougfi they were the same strains as the English ones. 


XI. Rabies; Skake-vekoms and Anti-vbnbnbs. 

Semple in 1912 introduced his method of preparation of the 
rabies vaccine, which consists of a carbolised 
*^®'^*®* suspension of fixed virus contained in the bruin 

and spinal cord of infected rabbits. This vaccine has now been 
shown to be very eflficacious and is being manufactured and 
used in most Pasteur Institutes even outside India. Speaking 
for India it has greatly helped in the distribution of vaccine 
to different mofussil centres and making treatment easily 
available for all. Chinningham studied the value of etherised 
vaccines. In 1934 Shortt made a valuable investigation into the 
relative immunising value of Kasauli and Paris strains of rabiw 
fixed-virus. This may be said to have established the basis for the 
present methods of anti-rabic inoculation in use in India. His 
morphological studies on rabies include study of the salivary glands 
and the negri bodies in the hippocampus major in street virus 
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infections. Ayeiigar has studied ti.e nature of tlie electric charge 

no&seased bv rabies* virus. .... 

™ Acton and Knowles observed that the antibodies m anti- 

venene were in combination with scrum 
Snake- venoms globulin an<l could be precipitated from the 
and Anti- venenes goat’s serum by 40% s.iturulion with 

ammonium sulphate, while Moitni and co-workcrs noted that 
with tiie sodium. sulphate methCKl at least a three.fold concentration 
of antivenomous serum could bo obtained. Venkntachlam and 
co.worker found that sub-lethal doses of the venom of the Indian 
cobra paralyse the motor cnd-plates, while with bigger doses animals 
die long before tln.s takes place. Chopra and Chowhan have 
observed that the paralytic action of the venom of Indian Daboia 
on the capillaries resembled that of histamine shock. Chopra and 
co-workers found that the venom of Eekia carinala had a marked 
curara-like action on nerve endings and death was primarily due 
to circulatory failure analogous to that in histamine shock. They, 
as also Ganguly, Ganguly and co-worker have studied the bio- 
chemical properties of Indian snake -venoms. Taylor and Mallick 
have studied the action of rattle-snake and Mocassin venoms as 
compared with Indian viper venoms. 


XII. TuBERCOtosis ; Rbeumatism ard Heart Disease. 


The subject of tuberculosis as an important public health pro- 
^ . blem in India only attracted attention towards 

Tuberculosis latter part of the first decade of tliis 

century. Joahi, Liston, ^parker, Taylor and Ukil have demon- 
strated that the bovine tubercle bacillus, which plays an important 
role in the causation of pulmonary and non -pulmonary tuberculosis 
in Europe, hardly takes part in the causation of human tuberculosis 
in this country, partly because tuberculosis amongst cattle is 
comparatively rare and partly because tlie people invariably boil 
the milk they drink. The distribution of tuberculosis in India, 
which is chiefly a rural country' and which is now on the threshold 
of industrialization, presents a peculiar and complex problem 
brought about by the constant mingling of the virgin rural 
population with the comparatively small population of highly 
tuberculized urban and industrial areas. The epidemiology and 
patbolo^ of the disease and the part played by solar radiation in 
influencuDg tuberculous mfeotion in the tropica have been studied, 
in recent years, by Ukil. He has shown that exudative changes 
M more marked features of the disease here than in Europe, 
particularly in rural and semi-rural areas. Chat ter ji has noted that 
the death-rate of Hindu women &om tuberculosis in the Delhi 
Province was higher than that of Mohamedan women. He ascribes 
*his to the d^ective protein dietary of the Hindus. In tho 
domain of clinical medicine, Frimodt-MoUer, Bonjamin, Kesava 
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Pai, XJkil and others have added to tlie stock of our knowledge 
of tuberculosis in this country. Kesava Pai and co-worker have 
studied the value of the suspension stability of red corpuscles in 
determining the prognosis of pulmonary tuberculosis. 

Good deal of propaganda work in connection with tuberculosis 
has been taken up in India in recent years by the Tuberculosis 
Association^ thanks to the aid of the King George V thanks- 
giving fund and the various Indian Red Cross Societies, though 
much more intensive work is undoubtedly necessary in this 
direction. 

Up to recent times the view has been held by European 
_ . . observers that rheumatism did not occur among 

^^HeaTt^DlsTase^ Indians. Rogers noted that of 4,000 post- 
mortem examinations in Calcutta, only one 
showed rheumatic carditis. But in the experience of Indian 
practitioners, true rheumatism and rheumatic endocarditis are 
not at all uncommon, though their observations have not been 
recorded. Iii more recent tiroes Vere-Hodge, U. P. Basu, 
Hughes {^nd Yusuff, Stott and others have noted rheumatic heart 
lesions among Indians. It may be noted here that more than 
80 years ago Chevers quoted from Webb’s * Pathologia Indica ’ 
that diseases of the circulatory system were very common in 
India. He regarded carditis as a prominent feature in the general 
pathology of the country, and would appear to infer that acute 
inflammation of the heart might be even more prevadent in India 
than it was in Europe. In recent times U. P. Basu and Acton 
have gone so far as to note that about 50% of the so-called healthy 
Bengalees showed myocardosis. Hughes and Yusuff have observed 
the presence of the degenerative type of non- syphilitic heart 
disease among Indians, probably of rheumatic origin. The conclu- 
sion is that true rheumatism and rheumatic carditis occur among 
the Indians, though they are not so common as in England. It 
is significant that chorea and rheumatic nodules are rare among 
Indian children as compared with those in England as noted by 
Vero- Hodge. 


XIII* Diseases of Nutrition. 

‘ In a country like India where a large proportion of the popula- 
tion exists in a condition of chronic economic stress, it is not to be 
wondered at that diseases due to defects in nutrition are wide- 
spread ’. This formed the basis for extensive and valuable investi- 
gations in the nutritional diseases of India by McCanison, and 
only recently questions relating to diet and nutrition have began 
to attract attention in India. There are two principal centres at 
present where studies on the subject are being pursued, one at 
Calcutta and other at Coonoor. The work taken up at both these 
centres mav be divided broadly as follows : (i) The investigation 
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of th« nutritive value of the Indian foodstuffs, and (ii) the study of 
the composition of Indian dietaries, their relation to health and 
deficiency disease. 

Studies on the composition of Indian diets arc yet few and the 
ground surveyed is not very large. They provide sufficient proof 
of the existence of under* and malnutrition in this country. 
The food supply of many areas in India falls short of the proper 
requirements. Just, by way of example, mention might be made of 
the diet of a group of village families surveyed by Dr. Aykroyd and 
his colleagues, This consisted of protein 30 '00, fat 5*00, carbo- 
hydrates 369'00, calcium 0*69, phosphorus 0*75, and calories 1600 ; 
fruits and vegetables were altogether absent from the diet : moat, 
eggs, and milk were negligible. The quantity of rice was insufficient. 
The inadequacy of such a diet is obvious. Another diet survey of 
the middle class families of Calcutta undertaken by Wilson, Abm id, 
and co-worker$ did not reveal general quantitative deficiency, but 
the diet was found to be poor in total and animal protein, total 
and animal fat, calcium, and contained too little of dairy products 
with an excess of cereals. These two surveys represent more or 
less the diets of the poor and middle class families in most parts 
of India. 

Nutrition surveys among school children in Calcutta and the 
Punjab have shown a wide prevalence of dental defects 
including caries, etc. In Calcutta the incidence of caries varies 
from 22-56% among the different communities while in the Punjab 
the incidence was 30-38%. There was a high incidence of enlarged 
tonsils and the average height and weight of the poorer children 
were markedly below those of the children of better classes. 
Nutrition surveys carried out by Aykroyd and his colleagues in 
Southern India have also shown the wide prevalence of the 
symptoms of deficiency disease. In one survey covering a group 
of 1,900 children, 6*4% showed phrynoderma (toad skin), 9' 2% 
angular stomatitis (sore mouth), and 3*8% bitot spots. All these 
conditions are attributable to deficiencies of the diet. Evidence 
^a high incidence of keratomalacia and xerophthalmia resulting 
vitamin A deficiency in Southern India has also been obtained. 
A large percentage of the blindness is the direct consequence of 
these conditions. Wright at one time described 76 cases of 
xerophthalmia in Madras among children under five, two-thirds 
Or whom became ultimately blind. 

, In the Northern parts of India rickets and osteomalacia occur ; 
m certain districts the incidence is very high. Cataract as well as 
^nnary and renal calculi occur in the Punjab, and there is a certain 
ount of evidence that the occurrence of these conditions might 
related to the diet. The work of McCarrison has shown that 
_J^in deficiency may produce a defective keratinisation of the 
^lo-^ary tract and give rise to stone in the bladder, a small 
loous of infection forming the nucleus. 
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Wilson and co*workers haye shown in the human subject that 
the volume of urine is less and the oxalate and phosphate excre- 
tion greater on an alia (wheat) diet such as is consumed in the 
Punjab than on the rice diet of Bengal. Considerable work on 
various fractions of vitamin B has been done by McCanison, Guha, 
Sankaram, De» Krisbnan and others. Orr has made valuable 
contribution on the investigation of etiology and pathology of 
peptic ulcer in South India. It appears that it is due to the excess 
of carbohydrate diet, deficiency of protein and a general vitamin 
deficiency, in which vitamin A appears to be the most important. 

T lie re is evidence to show that changes may take place in the 
vegetative nervous system due to defective diet and McCarrison 
showed that spastic condition of the gastro- intestinal tract was 
common in animals fed on autoclaved carbohydrato diets, He 
also demonstrated changes in the Auerbach’s plexus in experimental 
animals. 

These are just a very few facts about the occurrence of the 
grosser types of deficiency disease in India. Nutrition research 
lias been seriously undertaken only recently, and the finer symptoms 
of partial deficiency have scarcely been studied. The problem 
is of the gravest importance and it is the most fruitful line along 
which public health work should develop in this country, 
i'ortunately the Indian Research Fund Association has taken up 
the matter, and it is hoped that as more funds become available, 
researclies in this very important field will help in ameliorating 
the condition of tlie poorer classes of India. 


XIV. iMDiay Indiobiious Drugs Enquiry. 

In addition to the earlier enquiries on the subject, the Indian 
Research Fund Association has been financing research m this 
direction in recent times, principally under the control ot Chopra, 
and many <lrugs of the indigenous system of medicine have been 
investigated. As an example, mention may bo made ot the 
study of the active principles and therapeutic properties of the 
roots of RauwoXpi Serpentina, which were originally reported on by 
Brahma chari in the monthly -meeting of Asiatic Society of Bengal 
in March 1612, and in more detail in recent times by Chopra and 
co-workers. The drug possesses marked hypnotic properties, its 
active principles have also been studied by Chopra as well ^ by 
Siddique and co-workers. Some work on indigenous medicine is 

being carried on by Greval. . j u.* 

The problem of drug addiction in India has been studied by 

Chopra. 


XV. Medical Research Assocutions and Institutions and 

Research Workers. 

Among the various bodies concerned with medical research 
in India wlucli have been established within the last twenty-five 
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veara or a little earlier, the most Important is the Imlian 
Research Fund Association. The importance and value of the 
work done by the Association and published in the Indian Journal 
of Medical Research and its Memoirs, the records of Malaria Survey 
of India and in the Reports of the ScicntHio Advisory Boanl <lcmona- 
tfftte the need for the encouragement of the activities of tho 

Association. , 

The Indian Research Fund Association employs a mnnticr 
of research workers, finances enquiries, makes grants to cover 
expenses of researches carried out by Government research officers 
and others and, in every possible way onoournges the proser'Ution 
of medical research in India. Its activities cover a very wide 
field, and have enormously added to the scope and extent of work 
carried out. 

The Research Institutes in Medieinc in India to-day include 
the Central Research Institute. Kasauli ; Pasteur Institute of India, 
Kasauli ; King Edward VII Memorial Pasteur Institute and 
Medical Research Institute, Slilllong ; The Calcutta School of 
Tropical Medicine ; AD-India Institute of Hygiene and Public 
Health, Calcutta; The King Institute of Preventive Medicine, 
Quindy ; The Pasteur Institute of Southern India, Coonoor ; Tho 
Hftffkine Institute, Bombay : The Vaccine Institute, Belgaum ; 
Central Provinces Vaccine Institute, Nagpur ; The Punjab Vaccine 
Institute ; Provincial Hygiene Institute, Lucknow ; Government 
Bovine Lymph Depot, Patwadangar. A part of tho research work 
in these institutions is financed by the Indian Research Fund 
Association, and one of them, namely, tlie Central Research 
Institute, Kasauli, may be regarded as ite chief laboratory. 

Among the recent trust funds in Medicine in India, the moat 
important is the Lady Tata Fund created by the munificence of 
Sir Dorab Tata in the memory of his wife. The smaller trust funds 
include the Mitra Endowment for Research in Diabetes in the 
Calcutta School of Tropical Medicine and the Parlakemedi Endow- 
ment held by the Indian Research Fund Association. The Calcutta 
School of Tropical Medicine bolds many other endowments which 
need not be detailed here. 

It is a notable fact that in the Universities tliere are very 
few endowmente for research in Medicine. Speaking of the 
University of Calcutta where large sums of money have been 
endowed by the munificence of Sir Tarak Nath Pa I it and Sir Rash 
Behary Gbose, etc., for research in basic sciences, like Physics and 
Chemistry and chairs created for the same, very little facilities 
are available for medical research. The smaller research funds 
include Maharajah of Durbhanga and Kalyan Mukerjea research 
funds. 

India needs institutions like the National Institute for Medical 
Research. The Rockefeller Foundation has extended its generosity 
to India by creating fellowships for Indian scholars, by initiating 
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research in IndiSr in diseases like ankylostomiasis, etc., and by 
helping in the foundation of the All -India Institute of Hygiene 
and Public Health. May the Indian princes, commercial magnates 
and owners of hoarded wealth in India, aided by the Imperial and 
Provincial governments, come forward for the creation of a federal 
institution for medical research in India. 

Some years ago, Lord Rutherford, at an Annual Meeting of 
the Royal Society of Medicine, referred to the application to 
Medicine of scientific methods and the growth of the ancillary 
sciences, namely, physiology, bacteriology, and biochemistry. 
He remarked ' I foresee the time, not far ahead, when more funds 
and more help will be available to extend in a multitude of directions 
that scientific work which lies at the basis of your profession, and 
which is necessary if you are to gain any serious understanding of 
the human body. You have made great advances, but 1 am 
sure that all of you here know how little has been done, and how 
much remains. I feel confident that in the future every country 
in the civilized world will join in an international attack on the 
problem of the diseases that afflict mankind In this the League 
of Nations should be able to participate to a great extent. The 
above remarks are specially applicable to tropical diseases. 

This Chapter may be concluded with an expression of the hope 
that one day India will see the creation of Chairs of Clinical Research 
with Clinical Research Hospitals, under the auspices of the univer- 
sities and medical research associations ; that before long there 
will be in India full co-operation between the official and non-official 
research workers in Medicine ; that proper facilities will be given 
for research in medical schools and colleges, whether official or 
non -official ; that the independent medical profession will be 
allowed to work in research institutions, whether stale-owned or 
otherwise ; and that the researches in Medicine conducted m 
different parts of India will all be pooled together for annual discuss- 
ion in the Section of Medical Research of the Indian Science 
Congress or some other organized body ; and finally that ample 
funds will be placed at the disposal of the Indian universities 
and medical schools and colleges for medical research. 
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I. Introduction. 

The development of the physical science in India has not, 
like that of other sciences, a long history .» During th e last century, 

I The author wishes to acknowledge hU indebtedness m Dr. K. 
Ramnathan. whose article ‘On Indie's Contribution to Modem Physics m 
the^H Ram Krishna Centenary Volume has been of great help in the com- 
pilatirn of The present Report. Dr. Ramnathan has also looked through the 
proofs in their final form. 

( 674 ) 
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the only work worth meiitloiung was done by Individual sciiolars 
in various Scientific Departments of the Government. Such, for 
instance, were the investigations on Terrestrial Magnetism by Alan 
Broun at Trivandrum and by Chambers and Moos at Colaha. The 
foundations of Indian Meteorology were laid by H. F- Hhinford in 
1867. The work of the Trigonometric Survey of India, whitdi was 
founded in 1818. though not connected with physics directly, led to 
a fundamental discovery in Geophysics, viz., that of Isostasy. It 
was based on Gravity ‘anomalies obsen'ed in the Himulayan region 
by Capt. Basevi and others, and these results on being shown to 
Archdeacon Pratt of Calcutta, who was a qualified mathematician, 
led him to invent the theory of isostatic compensation, It is known 
that this theory has exerted great influence on the progress of 
Geophysics in the present century. In 1845, Radlmnath Sikdar, the 
head computer of the Trigonometric Survey and an accompllisiied 
mathematician, found from mathematical reduction of the observa- 
tions made some years earlier on an obsoii re-looking peak of tlie 
Himalayas, that this was actually the highest peak in the world 
(since known as Mount Everest, after Col. Everest tlie retired 
Survey or- General during whose regime the observations were made). 

From the Indian point of view, however, the first contribution 
to physics to receive attention in Europe was made by the late Sir 
Jagadish Chandra Bose who, while a subordinate professor at the 
Presidency College, Calcutta, took up the study of Hertzian waves in 
1895. He carried out a number of remarkable investigations on the 
generation of ultra short electric waves having a wavelength of the 
orderof a few mm9..and stvidled their properties. With an ingenious 
instrument of his own device [ VitU Ency. Brttannica (11th Edition). 
Vol- 9, p. 206] he verified the laws of reflection, ref ruction, polariza- 
tion and double -refraction, and clearly demonstrated the rotation of 
the plane of polarization for Hertzian wave.s. By making use of 
spiral springs, he invented a new type of coherer which was very 
efficient. Considering the extremely meagre facilities which were 
at the disposal of Indian scientists at the time. Prof. Bose's 
contributions must be regarded as unique, and his researches 
received well- merited recognition from British and foreign 
scientists. Unfortunately these investigations wero not continued, 
as Sir Jagadish '$ attention was diverted to other channels. 

These works, as also the work of Prof. B. N. Mallik and A. K. 
Das at the Presidency College, Calcutta, on electric discharge in 
the de la Rive tube were isolated. 

The first great impetus towards organized study of the pliysical 
science was given by the establishment of the University (!k)llege of 
Science at 92, Upper Circular Road. Calcutta, out of endowments 
given by two Calcutta lawyers, Sir Tarak Nath Palit and Sir Rash 
I^hari Gbose. These endowments were duo to the far-sighted 
Jision, and untiring energy of Sir Ashutosh Mocker jee, who con- 
tfolled the policy of the ^Lcutta University from 1904-1924, and 
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titan whom a greater benefactor of Education in India has yet to 
bo bom. It is remarkable that almost all the names at present 
prominent in Physics in India, viz., C. V. Raman, D. M. Bose, 
S. K. Mitra, S. N. Bose (of Bose -Einstein Statistics fame), M. N. 
Saha, P. N. Ghosh, B. B. Ray, are or were at some epoch of their 
life, connected with this institution. Mention should also be made 
of the Lidian Association for the Cultivation of Science, 210, 
Bowbazar Street, Calcutta, which was founded in 1876 by a Calcutta 
medical man, Dr. Mabendra Lai Sircar, with the object of providing 
facilities for the teaching of, and for carrying out researches in 
science. Tliis action was taken nearly sixty years ago, at a time 
when the Government and the public were equally in^ffcrent to 
science. The Association was founded mostly out of private 
benefactions, to the amount of seven lakhs of rupees raised by 
prominent citizens of Calcutta and a donation of fifty thousand 
nipee.s by the Maharaja of Vjzianagram. In 1922, the Government 
of India granted a subsidy of Rs. 18,000 per year to the Association. 
Tlie Association was converted into an important centre for 
researches in Physics in 1915 by Sir (then Mr.) C. V. Raman, who 
was then an officer in the Finance Department of the Government 
of India. In 1930, the Association received a further donation of 
over a lakh of rupees from Rai B. Beharilal Mitra. a wealthy 
citizen of Calcutta, with which a Professorship in Physics, celled 
the Mahendralal Sircar Professorship was founded. 

Since the educational reforms of 1921 . active centres of research 
have been created in other cities of Indie, the most noteworthy anBM- 
ciel contribution being that of the Maharajah of Jeypore (Ma<^as) 
towards the founding of the College of Science at the Andhra 
University, Waltair. Other donations which have helped m the 
cultivation of physical science are the endowment given by the 
late Kumar Guruprasad Singh of Khaira to the Calcutta University, 
the endowments of various princes of In^a to the 
Aligarh and Benares, and the endowments by the citizens of Bombay 
for tho Roval College of Science, Bombay. . 

Though the necessity of introducing regular courses of 
study in Applied Physics' had becn recogmzed for ‘ ^ 
was urged by the Industrial Comimssion of 1917, and the Sa^er 
Comiuifsion. no action on the recommendations was 5“^^" 
wliere in India either by the Government or the Universities till the 
late Sir Rash Behari Ghose donated a sum of Rupees eleven lakhs 
and fortv-three thousand for founding a department of applied 
nSsics in the Calcutta University. This donation was not, how- 
ever, supplemented by a respon.se from the Government, and regular 
teaching could be started only in 1930. 


t For information on this section, the author U indebted to Prof. P. N. 
Ghosh to whom grateful thanks are due. 
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At present amongst the Indian Universities 
a department of Applied Physics under Prof. P. N. Ghosh. This 

laboratory is divided into : 

(а) A staiKlardteation section containing arrangements lor 
' ^ standardization of aU kinds of electnc al meters, and 

photometers; ,, . ^ _ 

(б) A machine section containing all types of motors, 

generators and transformers ; 

(o) A design section ; and 

(d) An electrical communication section. 


The last two are designed for preliminary training only. 

The other industrial research laboratories which may be 


mentioned in this connection arc : 

(1) The Be^earch LaboratOTy of the Cenfr^ Cotton Research 

Cammiitet at Matunga, Bombay (Director : Dr. Nazir 
Ahmed) ; where researches on the strength of fibres, 
constitution, etc. . . . are carried out. 

(2) The Oovemment Test Bouse at Alipore, which confines 

itself to testing of materials, and calibration of 
instruments on a limited scale. 


Prof. H. Parameshwaran at the Presidency College. Madras, 
has made considerable studies on the making of Clocks and Tele- 
scopes in India. , 

In tile preparation of this review, the editor has received very 
material help from the following gentlemen, who as a matter of fact 
are the actual writers of the articles put against their names : 

I. Introduction, by the Author 

n. Acoustics . . . . Dr. R. N. Ghosh. Reader, Allahabad 

University. 

Dr. M. Ghosh, Burdwan Raj College, 
Bengal. 

HI. Applied Physics . . Prof. P. N. Ghosh, Ghosh Professor 

of Applied Physics, Calcutta 
University. 

IV. Astrophysics . . Dr, D. S. Kothari, Head, Depart* 

ment of Physics , Delhi Uni versity . 

V. Chemical Physics . . Dr. P. K. Sen Gupta, Rajaram 

College, Kolhapur. 

Dr. H. K. Trivedi. Government 
Test House, Alipore. 

Dr. L« 8. Mathur, Meteorological 
Service of India. 

VI. Magnetism , . Dr. D, P. Ray Chowdhury, Scottish 

(i^urches' College. Calcutta. 

Vn, Optics and Raman- Dr. S. C. Sircar, University College 
Effect. of Science, Calcutta. 
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VIII. Radio activity, Posi- Dr. D. M. Bose, Palit Professor of 
Rays. Physics, Calcutta University. 

IX- Spectroscopy . . Dr. K. Majumdar, Allahabad 

University. 

Dr. S. C. Deb, Indian Association 
for Cultivation of Science. 

X. Theoretical Physios . . Dr. R. C. Majumdar, Bose Research 

Institute, Calcutta. 

Xr. Wireless Research .. Dr. G. R. Toshniwal, Allahabad 

University. 

XII. X*rays .. Prof. B. B. Ray, Khaira Professor 

of Physics, Calcutta University. 

XIII. Meteorology . . Dr. A. K. Das, Meteorologist, Solar 

Observatory, Kodaikonal. 

To all of them his grateful thanks are tendered. 

II. Acoustics. 


The history of acoustical researches in India dates back to the 
/vf when Sir C. V. Raman ^ (then Mr.) 

Strings ^ published the results of his experiments on the 
subject, in Physical Pevitw, under the title 
' Some Remarkable Cases of Resonance These experiments 
became the starting point for further researches on the vibration 
of strings : (i) in a periodic magnetic field, and (ii) when the 
initial vibrations are set up by discontinuous wave motion. 
Raman, in collaboration with A. T. Dey* applied these results to 
explain the * Wolf Note * phenomenon in bowed strings with the 
aid of the theory of discontinuous wave motion given by Hermann, 
Davis and others, and later on wrote a complete memoir on the 
theory of bowed strings for the Handbuch der Pkysik series com* 
prising about 160 pages and numerous plates. 

It may be noted in this connection that K. C. Kar ^ 
first showed experimentally that the position of the ‘ Zeropoint ’ 
having the same velocity as the bow is generally within the bowed 
region. B. N. Biswas has given a dynamical theory of the bowed 
string, the formula deduced being the same as that of Helmiioltz 
excepting the damping factor. 

Investigations on the vibrations generated by impact were 
carried out in the laboratory of the Indian 
Vibration in Association by S. K. Banerji * who studied 
the distribution of the intensity of sound in 
^ ® ^ air round the sound field of tbe colliding balls, 

> C. V. Raman, PAy#. 35. 449, 1912. 

8 C. V. Raman and A. T. Day, Pm. Ind. Aefn, (Cal.), 2. 1, 1919 j 
2, 41, 1916; 2, 26. 1916. 

C. V. Raman, Bull. Ind. 15. 1918. 

8 K. C. Kar. Phy^. Rev., 21, 695, 1928. 

* 8. K. Banerji, Phil. Mag., 32, 96, 1916. 
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both experimcntallY and theoretically. He devised a ballistic 
Dhonoscope with which he i-arriod out tlio measnromenU. This 
work was further extended by D. B. Deodlxar' (Lucknow). 

M. Ghosh and liia co-worker S. C. Dhar* developed a general 
theory of the longitudinal vibrations excited by the impact of 
an elastic load. This theory was able to explain the depcni^nce 
of duration of contact on the velocity of the hammer and the 
wave produced in the bar as observed by Tschudi and others. 

Indigenous musical instruments, Tabla and Mridungu possess 
an air chamber closed on one side or both by 
percussion In- ^ membranous covering similar to Kettledrum. 

strumeots difference is that the central region of these 

instruments is loaded with a thick layer of hard paste. Those 
instruments, unlike the Kettledrum and other European metnbrano 
instruments produce musical notes rich in harmonica. The instru- 
ments are loaded and damped in such a manner that all the over- 
tones over the 0th harmonic are suppressed. This and the deter- 
mination of the position of nodal lines have been experimentally 
studied by Raman*. An attempt has also been mado by R. N. 
Ghosh * to explain the behaviour of the loaded membrane. 

The investigation on the impact of pianoforte strings was 
started some time late in the year 1918 in the 
Impact laboratory of the University College of Science, 

foru Strinfts Calcutta. C. V. Raman a«id B. N. Banerjeo • 

Studied the duration of impact of a hard hammer when the striking 
point was shifted along the string. The object was to test 
Kauftnann's theory. It was found, however, that Kauftnaiin^s 
theory holds good only for small values of striking distancos. A 
new theory applicable to all points was developed by considering 
that the motion that ensues is the resultant of inharmonic vibrations 
of the string having a load of mass m (hammer mass) at the point 
of impact. Later K. C. Kar* pointed out that it is not correct 
to take Rayleigh's solution in the fonn of a series, as done by 
Raman and Banerjee. This objection of Kar has been confirmed 
by the later works of K. C. Kar and M. Ghosh but the 
objection was met by a paper ' On the validity of Raman and 
Banerjee analysis of the Pianoforte string ’ by K. Venkatohala 
Iyengar 


' D. B. Deodhar, PAtf. Mag., 48. 90. 1924. 

^ M. Ghosh and S. C. Dhar, Jnd. PAy#. Math. J., 3. 15. 1932 s 3. 73. 1933« 

* C. V. Raman, Proc. Ind. Acad. Sci., A. i. 179, 1934. 

« R. N. Ghosh. Phil. Mag., 4S, 315, 1923. 

* C. V. Raman and B. Bansrji, Proc. Ray. Sac., 97. 49, 1930. 

< K. C. Kar, PhU. Mag., 4. 276, 1928. 

f K. C. Kar and M. Ghoab, PhU. Mag.. 9. 300. 1930 ; Zaita. f. Phuaik, 
61, 526. 3930 ; 64, 414. 1930. 

* M. Ghosh, Ind. Joum. Phya., 7, 366, 1932. See, however, K. 
Veokatchala lyeogar, Proe. Ind. Acad. Set., Bangalare, 1, 61, 1934. 
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The above iavestigatloas related to hard hammer ; the problem 
of elastic hammer for small values of striking distances was under- 
taken in the laboratories of the Allahabad University, and a damped 
harmonic law of force was obtained by Messrs. 8. K. Bhargava 
and R. N. Ghosh This law of force imparts to the string the 
requisite amount of energy when the hammer rebounds. Experi- 
ments were made by Jlr. J. N. Dey * and others to test the for- 
mula. K, C. Kar* made some improvements on the Raman and 
Banerjee*s theory, and with M. Ghosh extended the same to the 
case of a damped string. M. Ghosh later developed a generalized 
theory on the basis of the previous one including Hertz's theory of 
impact^ and has shown that the theories given by Kau^ann, 
Helmholtz, Dclemer, Lamb, R. N. Ghosh, and P. Das* come as 
special cases. Recently R. N. Ghosh* has applied Heaviside 
operational method to solve the pianoforte problem, both in the 
form obtained by late Mr. P. Das and also in the form obtained 
by Raman and Banerjee. This applies both to elastic and hard 
hammers for all striking distances. 

On the experimental side, systematic study of the duration of 
contact was made by M. Ghosh, D. Banerjee and R. Ganguli *, B>. N. 
Ghosh ^ and S. Dhar, S. K. Datta*, K. C. Kar and S. C. Laha*. 
R. Ganguli studied experimentally the different harmonics present 
in the vibratiojis of a struck string. D. Bose studied the effect 
of finite breadth of hammer upon the duration of contact. R. N. 
Ghosh studied experimentally the intensity of air-home sound 
of a piano when the striking distance was varied over the string. 
L. D- Mahajan*^ obtained beautiful vibration curves of the sound 
board and traced the effect of the damper on the same. 

D. Banerjee** studied the beating notes of the singing flame 
by taking a large number of photographs of 
the vibrating flames. B. N. Chuckerbutti and 
vibration by Heat ^ Ghosh** studied the vibration of heated 

Trevelyan's Rocker. 
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D. Banerjee 

Art of Finder 
playing on the 
strings of tbe 
Vina 


and R. GangiiU‘ studied the technique of 
‘Abataran Ash’, an art of finger. play mg on 
the strings of the musical instrument. 
by mechanical means of suddenly mcreasi!^ the 
length of the vibration of the string. 1^. 15. 
De^har* drew attention to the pccuhantioa 

.,.h.I„d..„.W„g.d^™.run,..t. of 

CUrlonst and clarionet, and the maintained vibration of the 
Harmonium harmonium reed and explained several facts 

previously observed by others. 

In the subject of ultrasonics, work is in progress in the 
laboratory of the Indian Institute of Science, Bangalore. the 

guidance of C. V. Raman. The line of work is the same as that of 
Debye in Germany and Sears In Amenca. This work has ^en 
considerably extended both along theoretical and experimental lines 
by Raman and lus co-workers, particularly Nagendranath. S. 
Parthasarthy and P. Ram Ksharothy * studied the visibility and 
dispersion of ultrasoruc waves and also determined tho acoustical 

velocity in different organic liquids. , , * j i * r 

Investigations for finding out a suitable board made out of 
inc^enous material for use as covenng material 
Sound Control halls and auditeriums to improve 

their acoustical properties are of great industrial value. Work in 
this direction has been started in the laboratory of the Physics 
Department of the Allahabad University and a considerable amoui^t 
of preliminary work has already been done. It is found, for instance, 
that temporary sound control can easily be effected by covering the 
ceiling and the walls wth red ‘ Toon ’ cloth. The sound control 
properties of felt, asbestos sheet and ‘ tluck embossed metal sheet 
(painted and unpainted) and other Indian materials have been 
investigated^. Haji Ghulam Mohammed has perfotnied^ ex peri* 
ments on absorption coefficients which indicate their variation with 
inUnMty. This result is full of theoretical interest. 

A considerable amount of work to determine accurately the 
V ■ j._ « ^ velocity of sound in air saturated with water 
Velocity ol Sound various temperatures has been done 

by Haji Ghulam Mohammed * by the resonating tube method. The 
accuracy of the results is clamed to be of the order of about 1 in 
1.000 up to the temperature about dO^C., and about 5 parts in 1.000 


> D. Baneriee and R. Ganguli. PhU. Afoy., 9, dS, 1930. 

^ D. B. Deodber, Phya. Soe. Proc., 36» 379* 1924. 

^ P. Dsa. Ind. Jour, Phya,, 6. 223. 1931. 

^ C. V. Baman and N. S. Kageadxa Nath, Proc. Ind. Acad, of Science. 
406. 1936 ; 3. 76. 1936 ; 3. 119. 1936 : 3, 459. 1936. 

^ R. K. Qhoah and H. G. Hobamm^, Ind. Jour. Phya., 9. 167. 193*i. 
Alec S. Ealyaoram. Ind. Jour. Phya., 2, 229. 1932. 

« H. G. Mobanuned. BuU. Acad. Scianu, U.P., 3. 289, 1934. 
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for temperatures above this. From these velocity determinations 
he aiso calculated the values of the specific heat ratios for moisture, 


HI. Applied Physics 

The research department of the University College of Science 
under Prof, P. N. Ghosh is provided with arrangements for making 
precision measurements of dielectric properties of liquids and gases, 
for studying the properties of Indian oils, and for spectroscopic 
studies. 

A large amount of work on the Electric Moment of Primary 
Alcohols, and other organic compounds — Ethylene Chloride, and 
Bromide, Methylene Chloride and Bromide, and their binary 
mixtures in Benzene, CS* and N^O, some normal secondary and 
isoalcohols, of alkali monohalides were carried out by P. N. Ghosh, 
P. C. Mahanti^ and their co-workers. Indian vegetable oils were 
8tu<Ued by G. N. Bhattacharyya and others. S, P. Chakrevarti* 
and his co-workers have carried out investigations on electric 
wave filters and negative resistance equalizers for telephone trans- 
mission system, The spectroscopic work is reported separately. 

IV. Astrophysics 

The first astrophy steal work of any importance in India was 
by the French Astronomer Jansen who, in 1868, observed a total 
solar eclipse of the sun passing over Guntur, in the Madras 
Presidency, and applied the spectroscope to the sun during the 
moments of totality. He found a line close to and on the violet 
side of the yellow line of sodium. This line was also observed 
independently by Lockyer, and christened by him ' Helium It 
is now a matter of common knowledge that Helium was discovered 
thirty years later (1898) by Ramsay in the Norwegian mineral 
Clevite. 

The total solar eclipse of 1898 which passed over Buxar and 
the Western Presidency was observed by Lockyer, Evershed, and 
Naegamvela. Photographs of the flash spectra were obtained by all 
the three observers. Evershed, who succeeded to the directorship 
of Kodaikanal Laboratory in 1911, instituted a programme for 
the photography of prominences and systematic investigation of the 
spectra of sunspots and their penumbra. These observations led 
him to the discovery of radial motion in sunspots, and simul- 
taneously with Fowler, Hale, 3Utchell, and Adams, he reached 
the conclusion that the spectra of spoU was similar to that of the 


1 P. C. Mahanti. ZtiU. /. 94, 220, 1933 j Phil. Mag., 20, 276, 

1935 

2 G. N. Bhattacharya, Ind. Jour. Phgs., 9, 209, 281, 403, 1936. 
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r class of stars. C. Nagaraja Aiyar» at Koclaikanal ohtamea 
reversal of the DyWnc of Hehum in the |H‘uumbra of .spots. 
Bvershed proved that all spark lines are woalowcl iiv the spot ; 
a fact which has been cleared up bv the ionization Ihoory. ilic 
tradition so happily create<l by Evershed at Kodaikanal 
continued by his successors, T. Royds (Assistant Dire<(or. 191 It 
Director 1923-1937), and A. L. Narayan (Assistant Director. i.rlH, 
Director 1937). Evershed and Royds* found that many Fraunhofer 
lines were systematicallv shifted towards the red. and they were 
farther able to show that these shifts were not due to Doppler 
Effect or anomalous dispersion. Part of the shift can bo cxplanud 
as the Einstein red shift ; but this does not explain all the observed 
facts satisfactorily. In recent years. Royds * has found that the 
oxygen triplet 7711, 7772, 7775 can be photographotl a.s a lugh 
level chromospheric line even without a total solar eclipse. The 
intensity and the high level reached by this siibonUnatc group 
indicates that oxygen is a normal, and very abundant constituent 
of the solar atmosphere. T. Royds and A. L. Narayan* published 
a photometric study of the lines of H and Ca in the Fraunhofer 
spectrum at different points on the sun's disc. 

Prof. M. N. Saba’s researches • on Astrophysics date from 
the year 1019. whilst be was a leeturcr in 
Tho Theory of Physics at the University College of Science, 
Thermal lonUa- Calcutta. The stimulus* for this work was 
tion * ** derived from a study of Miss Agnes Clarke’s 

popular books on Astrophysics. Bohr bad 
in 1914 initiated the quantum theory of atomic spectra and Saha, 
a self-taught physicist, was one of tho first in India to tjike 
up the study of this theory and perceive its great future. His 
first papers on the subject ‘On Ionization in tho Solar ChromO' 
sphere ’ and ‘ EUments in the Sun * were written in India and 
published in the Philosophical Mngozine, Lotidon (1920), after 
they were refused publication by some famous astronomical journals. 
Lockyer bad observed that the spectrum of the chromospliere was 
not an exact reversal of the Fraunhofer Spectrum, but as a rule, 
the enhanced lines are much stronger in tho chromosphere. In 
fact, it was more like the reversal of the spectrum of a-Cygni 
(Supergiant Ao). He postulated that in fact the chromosphere 
had a higher temperature than the photosphere. In his first paper. 
Saha deduced the famous ‘ Ionization Formula ’ and was able to 
show that the enhancement of the chromospheric spectrum was due 


^ C. Nagftrejft Aiyar, Attnphyt. Jour.. 2^, 143, 1907. 

^ Evershed and Royds, Kodaik<irtal O^. BuH., 15. 
a T. Royds. Nature. 137. 610, 1930. 

* T. Royds aud A. L. Narayan, Kadaikanal 06s. Bull., 109. 375. 

* M. N. Saha, PMl. Mag.. 40. 472, 1020 ; 40, 809, 1920. Froc. Roy. Soc . 
“, 186, 1921. 
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to a lowering of pressure in the chromosphere. In the second paper 
(Elements in the Sun), he gave a general explanation as to why only 
lines of certain elements are observed in the sun. He showed that 
certain elements like Rb and Cs are completely ionized, while others 
fail to be stimulated on account of their high ionization and resonance 
potentials, and due to their most important lines being situated 
either in the remote ultra-violet or in the furthest red or infra-red. 
In the paper ‘ On a Physical Theory of Stellar Spectra ’ which was 
completed at the Imperial College of Science, London, in Prof A. 
Powler’s Laboratory, he gave an explanation, in terms of the 
ionization theory, of the o^ered sequence of the Spectra of Stars, 
which Lockyer had previously tried to explain from a theory of 
evolution of elements. In the fourth paper ‘ On the Temperature 
Badialion of Gases ' he showed that King’s work on furnace spectra 
can be explained as an effect of thermal excitation of elements. 

The tnduence of Saha’s work on the subsequent progress of 
Astrophysics has been admitted by all workers in the field. Prof. 
Rosseland says * The impetus given to Astrophysics by Saha’s work 
can scarcely be overestimated, as nearly all later progress in this 
field has been influenced by it and much of the subsequent work 
has the character of refinements of Saha's theory In the Ency. 
Britannica (I4th edition) Sir Arthur Eddington designates Saha’s 
Theory as one of the ten outstanding discoveries in Astronomy and 
Astrophysics since the discovery of the telescope, in 1608, by 
Galileo. 

It may be mentioned in passing that Prof. Saha ' is also the 
originator of the theory of * Selective Radiation Pressure which, 
owing to its publication in 1919 in a Calcutta Journal (Journal 
of the Department of Science, Calcutta University, 1919), had little 
publicity ouUide. In this paper, be showed that the formation of 
the chromosphere and the high level attained by (^Icium in the 
chromosphere can be explained by the action of radiation pressure 
acting selectively on certain atoms. It is well-known that m the 
hands of E. A. Milne, and others, this theory underwent great 
developments and led to the formulation of the first satisfactory 
theory of Stellar Atmosphere. R. K. Sur* working under Saha 
was able to give a general explanation of eruptive prominences 
on the basis of selective Radiation Pressure. 

S Chandrasekhar’s* works on Astrophysics were started 
in India in 1928, though he has subsequently spent most of his 
time in England and America. For stellar atmosphere, he has, 
in an important series of papers, given calculations of the opacity 
coefficients by using the latest wave -mechaiucal formul® for absorp- 


> M. N. Saha, Jour. Dept. Set. Cal. VniP., 1919 i Nalure, 107, 488. 1921- 
s R. K. Sur, Aalrophys Jour., 63, 111, 1926. r, €•«.. 

3 S. Chaudrasekhar. Ind. Jour. Phys., 3, 241, 1928 ; Proe. Roy. Soc., 
133, 241, 1931 j Jhid., 135. 472. 1932. 
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tlon coefficieixU, The new opacity formul® were used by Imn in 
A ^ries of papers for calculating the distribution of tcraiwraturc and 
nr^ssfre irtbe stellar photospheres. Following Milncs theory of 
the Calcium photosphere. Chandrasekliar ‘ has given a "O'rel theory 
of the formation of the chromosphere by con-sidering the field ol 
radiation not to be uniform, but broken up into patcl.es having 
slightly more than the average and of slightly less than the average 
value of the intensity (Turbulence). Tl.ese patches. aecoMing to 
Chandrasekhar, can be identified with the granulations which appear 

on the solar disc. , . * i e 

With this brief survey of the contribution made to the stuay ot 
the stellar atmosphere bv Indian Astrophysicists, 
Interior of Stars now pass ou to their contributions dealing 

with the Interior of sUrs. ‘ It is well-known that the ohissical kinetic 
theory of gases cannot be applied to electrons when thoir concentra- 
tion is very large, as it is bound to be in stellar interiors, and parti- 
cularly in the case of white dwarf sUrs which are charactenzed by a 
small luminosity, high effective temperature and abnormally large 
densities of the order of a million times that of water. It was shown 
almost simultaneously by Fermi and Dirac (1920) that the p^ssurc 
of the degenerate electron gas depends primarily on the electron 
concentration and is very nearly independent of the temperature. 
This new formula of Fermi-Dirac was immediately applied by Fowler 
for explaining the abnormally Urge mean density of a wliite dwarf 
star. This was followed by contributions from numerous in- 
vestigators including Stoner and Chandrasekhar, and particularly 
Milne whose work has been of great significance and wide 
application. 

It is now well established that the essential features of the 
iaterual constitution of the white dwarf stars can be explained by 
an application of FermUDirac statistics. In preliminary Ibeoretcial 
investigations it is usual to regard the luminasity of tlie wliito dwarf 
stars to be zero, that is, to regard it as black dwarf — a term duo to 
Fowler. That the radius of the star calculated on this assumption, 
which is found to depend inversely as the cube-root of its mass, 
will not in all probability be mo^fied seriously when account is 
taken of its small luminosity was shown by Kothari^. For 
finding out the efiect of luminosity on the radius of the white dwarf 
star, it is necessary to know the opacity coefficxetU of degenerate 
matter. This knowledge of the opacity coefficient of degenerate 
matter is also essential in all calculations regarding the internal 
temperature of these stars, and for other astropbysical problems. 
The opacity coefficient of degenerate matter was first obtained 
in an important paper by R. C. Majumdar^ and also by Chandra- 


1 S. Chandrsfiekhar. 94. 13, 1933. 

* D. S. Kotbari, 93, 61, 1932. 

’ B. C. Majumdar, A^ro. Mach., 243, 6, 1931. 
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sekhar', and D. S. Kotbari^. The latter, has further, by an 
application of the electromagnetic theory, calculated the opacity 
coefficient in terms of the electric conductivity of d^enerate 
matter. Further it was shown by Kothari that the energy flow in 
degenerate matter is primarily by thermal conduction and not by 
radiation as is the case in non-d^enerate matter. The calculation 
of thermal conductivity and other transport phenomena were 
carried out by D. S. Kothari^ and later by R. C, Majumdar*, 
following a rigorously quantum-mechanical treatment. 

We have mentioned above that the pressure of a degenerate 
gas depends primarily on electron concentration. As the pressure 
of the gas will be equal to the average kinetic energy per unit 
volume (multiplied by a factor of the order of unity), the averse 
kinetic energy per electron wiU depend on the electron concentra- 
tion and when this electron concentration exceeds about 10 
per cm.^ the average kinetic energy per electron becomes greater 
than its rest mass energy. One has, therefore, to take account 
of the relativity effect and the corrected formula connecting pressure 
and electron concentration was given by Stoner, Majumdar and 
Chandrasekhar who has, in a very elegant manner, applied this 
exact equation to the study of the constitution of the white dwarf 
stars and has obtained results of great significance. 

But in all the investigations of the white dwarf stars it was 
tacitly assumed that the stellar material was fully ionised, whereas 
in a complete treatment, this fact, if true, should emerge from the 
theory. In degenerate matter the temperature concept is relegated 
to the background, and the Saha Ionization Formula, so fundamental 
for non -degenerate matter, loses its validity. The degree of ioniza- 
tion of degenerate matter has therefore to be calcu]ate<i on other 
lines. The theory of ionization in degenerate matter has boon 
worked out by R. C. Majumdar and D. S. Kothari®. When 
cold and initially un -ionized matter is so compressed (its density 
increased) that orbits of the outermost electrons of different atoms 
begin to overlap : then these outermost electrons cannot be regarded 
as belonging to individual atoms ; they are no longer bound to 
their own atoms but wander, as if it were, in a ‘ no- atom’s- 1 and ' 
and therefore constitute free electrons. The quantitative develop- 
ment of the theory has led to some important results, for example, 
it predicts that the stellar material in the interior of the white 
dwarf stars must be fully ionized. It thus connects the theory of 


> S. Chandrasekhar, Proc. Bojf. Soc.. 183. 241, 1931. 

2 V. S. Kothari. M.S.R.A.S.. 93. 61, 1932. 

3 D. S. Kothari. Phil. .Uof?,, 13. 361. 1932. 

•• H. C. Majumdar. ZtiU.J. Phyaik.y 91. 706. 1934. 

3 S, Chnndmsekhar. Aftrophyt. Jour., 74. SI, 1931. 

2 K, C. Majumdar and D. S. Kothari, Zeii9. f. Phy9., 61, 712. 1930; 
A$iro. Sach.. 244, 65, 1931. 
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planetary constitution, an<i in a straight-forward way loads to tbo 
mtoreeting result that there cannot bo a planet bijrgor tlian Jupiter. 

This brief summary would, however, bo incomploto without 
ft mention of the important work by Chandrasokliar ‘ on * Kotating 
polvt ropes *, the work of K. Mitra*, jointly with MacCrca, on solar 
Umb effect, the investigation of R. C. llajumdar ^ on tho opacity of 
relativistic degenerate gas. and of Kothari* on tho o<|u (librium 
between radiation and matter taking account of dogouoracy. 
Recently important contributions have been mado by Shivo- 
sbwarkar^ in stellar dynamics. 

The problems particularly studied by tho Indian investigators 
relate to the questions of tho oicpansion of tho 
Problems of Universe by condensation of diffuse matter into 
m*ocony* ^ nebulfp, and the stability of cosmological models. 

N. R. Ren • showed that if tho matter of 
the homogeneous Einstein Universe wore packed into iiomogoneous 
spherical condensations, a state of equilibrium wouUl be consistent 
with a sliglitly greater total mass than was existent in the Einstein 
Universe. As this slight deficit in mass (apart from any other 
different cause), whose presence would have just maintained equili- 
brium would be responsible for tbe expansion of tho system, it was 
suggested that the expansion of the Einstein Universe could have 
been started by the condensation of tho diffuse matter into nebulae. 
N. K, Chatterjee'^ later confirmed that tho results remain 
unchanged if non -homogeneous condensations of mass take place 
in the Einstein Universe. An attempt to estimate the ago of 
expansion was made by N. R. Sen • from the proper motions 
of the distant nebulse. -If the deviation from tho (linear) velocity 
distance relation be mainly due to the proper motions of the nebnl», 
an upper limit to the ago of expaosion can be estimated from the 
discrepancy between the observ^ red shift velocity and the velocity 
calculable from tho distance according to tho linear law. An 
examination of the present data gives, the period as being of tbe 
order of 10® years. N. R. Sen later® considered the stability of 
c^mological models and confirming Tolman's results showed 
that when the pressure effect is negligible these models are unstable 
under all conditions, and further, that the consideration of pressure 
uiay, in general, alter tho situation as in certain cases the pressure 
may have a stabilizing effect. 


^ S. Cb&ndrasekhAr, M.N.H.AS., 03, 390, 1033 and other papers. 

• K. Mitrs. Observatory, 57, 379, 1934 ; Ibid., 59. 160, 1936. 

® R. C. Majumdar, Astro, Hach., 244. 56. 1931, 

• D. S. Kothari, Phil. Mag., 12. 657, 1931. 

® Shiveshwarkar. M.N.P.AS., 96. 740. 1936 ; 96, 768. 1036. 

® N. R. Sen, i>roc. Roy. Sot., 140, 369. 1933. 

’ K. K. Cbatterjee. Caleulta Moth. Soc. Buli.. 2S, 13S. 1933. 

® N. R. Sen, Cai^uit^ Math Soc. Bull., 27, 101, 1935. 

• N. R. Sen, ZtUs.f. AUrophysih, 10. 291, 1035. 
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V. V. Nariikar * has obtained from the scalar relation 
corresponding to the field equations (including A term) a criterion 
for the existence of a mass particle » and showed that the breaking 
up of the Einstein Universe into one with discrete material condensa' 
tions would mean the increase of the cosmological constant by a 
factor 3/2. As most of the cosmical matter appears as condenaa* 
tions, it was suggested that A in the Einstein state has a tendency to 
increase, wliich ^ain is mathematically equivalent to the tendency 
of the static universe to expand. 

S. M. Sulaiman^, applying Newtonian principles, has derived 
the same law of gravitation as Eix^tein’s for the motion of 
heavenly bodies. Applying this to light-particles* he showed that 
the deflection of a light-ray due to the sun^s gravitational field 
is between | to } times Einstein’s value, while the shift of lines to 
the red is (I4*sin^a) times Einstein’s value, where * a ’ is the 
angle between the line of sight, and the radius vector to the point on 
tl)e sun’s disc, on which observation is made. 

The new formula for red shift tallies fairly well with the results 
obtained by Evershed (1931), and expressed by him in the form of 

a curve. It yields double the Einstein’s value at the edge 


(■-i) 


as found by Evershed (1936). 

India has only two astronomical observe* 
Work of Indiao : f{) the Nizamiah Observatory, Hydera- 

Astronomical Deccan (Director: T. Bhaskaran Sastri), 

and the Solar Observatory, Kodaikanal 


Observatories 


(Director r A. L. Narayan). 

The Nizamiah Ohservatorif (founded 1908) is maintained by the 
Government of H.E.H. the Nizam of Hyderabad and Berar, and 
is fitted with two equatorial telescopes. The observatory is one 
of the eighteen which take part in the international photographic 
mapping of the heavens {Corte du CM), and hw the repon tftwwn 
17“N-2rN assigned to it. Work was started in 1914 and 1,260 
areas (each 2'x2') were photographed oontaumg 6,21,918 stars 
down to the 11-5 m. The work was fimshed m 19^. 

The minor planet Eros which is remarkable as sometimes 
appearing closer to the Earth than Mars, was kept under photo- 
graphic observation since January 1930, when it had approached 
to 16 roiUion miles off the Earth. 168 photographs have been 
taken, and it is expected to calculate from these observations a more 

accurate value of the solar parallax. 

The observatory has also undertaken the astrographio worK 
(+36 to +39) originally assigned to Potsdam, and was given a 
grant by the International Astronomical Umon. 


1 V. V. Norlikar. Jlfaj., U. 433. 1932. 

t S. M. Sulaimnn, i^foc. Accid. Sci. U.I*. Intita, 4, 1, lOM , Jbtd., 4, 
217, 193G. 
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Proper motions of faint stars arc observc<i witli the aid of a 

Blink Photometer (Schlesinger-modcl). 

Occultations of stars, by the moon, and variable stars arc 

observed with a 15' grubb-refractor. 

In 1923, a Milne-Shaw horizontal pendulum spectrograph was 
erected at the observatory, and a meteorological seoHon was opened 

in 192D. , , 

Th€ Solar Physics Observatory, Kodaikaiutl . — The work <lono at 
this observatory has already been described. The foundation of thin 
observatory was laid in 1895, by Lord Wenlock, the then Governor 
of Madras. The buildings and equipmcjits wore completed in 
1899, and Mr. C. Mitchie Smith was appointed as the first director, 
when the control was tranaferred to t)ic meteorological department 
of the Government of India. Kodaikanal was chosen on account 
of the suitability of its climate for astronomical observations to 
take the place of the old Madras observatory. 

A good deal of purely spectroscopic work done in this 
observatory is reported under the heading * Spectroscopy *. In 
addition to work reported iu the beginning of this section, other 
works are : — 


Hydrogen content of prominences 
Rotation of markings near the equator 
compared with other disc phenomena. 

General spectrum of the Night Sky 
Variations in the extent of base and in 
the height of prominences. 

Two longitudinal Zones of apparent inbibi* 
tion 01 sunspots on the solar disc. 

Variation in the area of hy^ogen abaorp- ) j, Salaruddin. 

tion marking with longitude. \ 

A progressive change in the inclination of ^ 

dark ‘marking to the meridian of the > Do. 

Sun. J 


C. P. S. Menon. 

^ G. V. Krislinaswami. 

K. R. Kamnatban. 

J P. R. Cliidambar Iyer. 

I Do. 


These papers have been published in the Kodaikanal Bulletins. 


V. CBSMiCAii Physics aud Bakd Speotra. 

e 

Indian workers on chemical Physics have extended Franck's 
method of interpretation of absorption spectra of alkali halides to 
other compounds, viz., halides, oxides, sulphides, teJlurides and 
sel^des. Pranck showed that the absorptions indicated the 
splitting of the molecule (gaseous) into its constituent atoms, which 
M either on the normal or excited states. 
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M. S. Desai ^ working at Allahabad verified Franck's theory 
Alkali Halides photochemical dissociation for Lithium and 

Rubidium halides. The verification was 
completed within the limiU of experimental error. In the ease 
of Rbl the results were rather interesting, because he got more 
than two absorptions due to the photochemical dissociation of the 
compound into normal and excited constituent atoms. Desai made 
further use of Bom and Franck's relation to evaluate some of the 
thermo chemical data from the long wavelength limit of the first 
continuous absorption, e.g., heat of vaporisation of Lithium was 
found to be 29*4 K.Cal. and the heat of dissociation of Fj unknown 
at the time, was found to be 76 K.Cal. from the study of the absorp* 
tion spectra of KF and NaF. 

Franck's theory of photodissociation of alkalihalides was 
Q . . g extended by P. K. Sen Gupta*, L. S. Mathur* 

phides', etc.* others to the case of simple diatomic 

molecules like the oxides and sulphides of Zn, 
Cd, Hg, Ca. Sr, Ba, etc. These compounds have been shown to 
be ionic of the type: M++X*“, It was postulated that the 
photochemical action on the vapours of these salts resulted in the 
simultaneous transition of two electrons from X"“ to M+*'* so that 
the products of dissociation were usually found to be two neutral 
normal atoms in the case of the longest wavelength cut, and atoms 
excited to raetastable states in in the case of cuts on the 

shorter wavelength side. From a study of the absorption spectrum 
of HgS, P. K. Sen Gupta found the heat of dissociation of Sf to be 
101 K.Cal. From the study of absorption spectra of the sub 
phides lie also located roughly the position of sta^ of sulphur, 
which was on unknown quantity when the above investigations 

were taken up. ■m./s t 

The extension of the above theory to the case of PbO and 
PbS was done bv R. S. Sharma ^ while compounds CaS, SrS and 
BaS were investigated by L. S. Mathur on the same lines. H. 
K Trivctli® studied the absorption spectra of SnO. SnS, Feb, etc. 
Recently L S Mathur* has completed the compounds of the oxide 
group by taking the absorption spectra of the selenides and 
telluridcs of Zn, Cd and Hg. 

A. K. Dutta ^ and A. K. Dutta and P. K. Sen Gupta showed 
that saturated oxides like NgO^, TcOj, MoOj, 
Higher Oxides TeSg, etc., gave continuous absorptions similar 
and Sulphides <ijatomic compounds mentioned above. Their 

1 M. S. Deeai. BuU. Acad, Sd., 2, 31, 1932 ; Z$./. Phy»., 85, 360, 

1933.; Broc. 138, 84. 1932. 

2 P. K. Sen Gupta, Proc. Boy. Soe., A, 143, 439, 1932, 

8 L S Mttthur, Proc. Roy. Soc., 142 A, 83, 1934. 

4 E. S. Sharma. BuU. Acad. Sci.. 3. 1933. 

6 H. K. Trivedi. Proe. Nat. Atad. Sex,, 5, 34, 1934. 

4 L. S. Mathur, Ind. Journ. Phyc., 11, 177, 1937. 

7 A. K. Dutta, Proe. Roy. Soe., A, 137, 316, 1932. 
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absorption spectra wore found to consist of t-wo or thrc<^ roKions of 
continuous absorptions bc*giruiing from a Um^ wavck-ngth limit, 
with intermediate regions of ret ransmissi oils. TIic first Jibsorptiou 
was found to correspond to the plioto-chemkal lUssoc-latloti in whicli 
the oxygen or the sulphur atom was in the normal ate. while 
subsequent absorptions were found to be due to the exeifation of 
the oxygon or the sulphur atom to the excited state's and ’5^, 
The frequency ditference between the long wavelength limits of 
adjacent absorptions was found to l>e very nearly equal to atomic 
term differences and of theeloctronegafivc atom. 

The cause of slight discrepancy in these differences as obtained from 
absorption experiments has been ascribed by P. K. Sen Gupta ^ 
to the varying slopes of the potential energy curves of the unstable 
excited states of the molecule. 

The foiegoing absorption experiments afford an interesting 
possibility of obtaining red auroral lines XG363 and A6300, for a 
free oxygen atom excited to level during the process of photo- 
dissociation can revert to •P-state giving rise to these so-called red 
auroral lines. A. K. Dutta * obtaine<l one of these lines by per- 
forming a fluorescence experiment with SO^ giving a fairly long 
exposure, P. K. Sen Gupta * repeated the same experiment with 
Nitrous oxide, and obtained bands of NO, which, according to Sen 
Gupta were produced by photodissociation of N^O to oxcited NO 
and normal N. 

The spectra of alkaline earth halides show both continuous 
and band absorptions. The compounds CaF 2 , 
CaCI«. CaBr^. etc. were investigated by Deb 
halides * Slukerjce * and found to give discrete bands 

in addition to continuous absorption. It wivs 
found that in all such cases, the metal component ulw'ays contained 
a stable s’ shell and a mctastabic orbit. 

There was, however, another class of chlorides which were 
found to give a number of sharp absorption patches with regions of 
unabsorbed light. Tlus class of compounds include tetrachlorides 
of Si, Sn, Ti investigated by Dutta and Saha saturated halides 
of Mg, Al, B, Si, etc. investigated by S. C. Deb and R. S. Sharma ^ 
and the trihalides of As, Sb, P, Bi, etc. worked by H. K. Trivedi 
Dutta and Saha suggested that the frequency limit of the first 
absorption continuum was approximately given by the relation 
where n is the number of valency bands, and R the 


* P. K. Sen OupU, Zt.J. Phyi., 88. 647, 1934. 

’ A. K. Dutta, PrtK. S4K.. A. 139. 397. 1932. 

’ P. K. Sen Gupta. BuU, Aca4. Set., 2. 115. 1933. 

^ S. C. Deb, and B. Mukherjee. Bull. Acad. Set.. 1.110, 1931. 
^ A. K. Dutta and M. N. Saha. Bull. Acad. Sci., 1. 93. 1931. 
’ S. a Deb and R. S. Sharma, BuU. Acad. Set., 1. 92. 1932. 

’ H. K. Trivedi, Proc. Naf. Acad. Sei., 5, 34, 1034. 
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atomic heat of formation can be linked with other thermo -chemical 
quantities by the relation 

where Q is the heat of formation, heat of Dissociation of the 
halogen X^, the latent heat of vaporisation of the compound. 
For carbon tetra-chloride R ■* 466*4 K.Cal where Av© from absorp- 
tion experiment was obtained as 118 K.Cal, which is approximately 
one -fourth of R. Other investigators have not in general confirmed 
the idea of equable distribution of binding energy amongst the 
different valencies. 

The halides of the elements of the transitional group form a 
class by themselves. Taking CrClj for example, 
Origin of a study of the magnetic moment shows that the 
ganlc^a^Us Structure is of the type Cr***"** . 3C1 . t^t is, the 

metal core is ionic and surrounded by Cl~ shells 
of inert gas type. Under photochemical action, the Cl* ions, being 
of the inert gas type (^^^-state), are unaffected, the change occurring 
only in the spins of the incomplete <i*-8hell of Cr+++. M. N. Saha 
and S. C. Deb ^ tried the experiment and obtained absorption in the 
predicted region where the spin vector would change under the 
action of light. Further works on this lino have been carried out 
by S. Kato in Japan, Deutschbein in Germany, D. M. Bose and 
his pupils in Calcutta. 

Some of the simplest organic compounds are the Halogen 
derivatives of Methane, Ethane, etc. P. K. Sen 
®‘comp?u*d8‘' Gupta* studied tha absorption s^ctra of 

a senes of organic compounds CH|C1, Cgn^Ci, 
etc,, while N. K. Saha* took the series CHCIj, CH^CIj, 
CH|CI. In the region of quartz spectrograph all these compounds 
were found to give continuous absorption. It was shown by 
N. K. Saha that in CH<CI, there are two absorption processes 
corresponding to the splitting of a CH and a CCl bond. The 
difference of bond energies obtained from absorption experiments 
agreed very well with the chemical values. Recently P. K. Sen 
Gupta* has shown that this difference of bond energies of CH 
and CCl is not a constant quantity and varies with the number of 
H or Cl atoms. 

In the case of HBr and HI it has been found that the observed 
beginnings of absorption do not tally with the 
Further Develop- thermo-chemical value. This difficulty was 

overcome by A. K. Dutta *, who showed 


X M. N. Saba and S. C. Dab, Bull. Acad. Sc»-, 1. I. 1931. 
2 P. K. Sen Gupta, BuU. Acad. Set., C^.P.. 2. 115. 1933. 
s N. K. Saha. Bu/l. Acad. Set., U.P., 2, 239, 1933. 

4 P K. Sen Gupta, Bombay Univ. Joum., 5, 22. 1936. 

6 A. K. Dutta. Zs./. Phyc. 77, 404, 1932. 
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that the continuous absorption had such n long tail that to locate 
the beginning of absoT>tion it was necessary to draw extinction 
co-efficient — wavelength curves. Each absorption curve of A. K. 
Dutta was to represent onlv one process In wliicli lirominc atom 
was regarded to be in state. P. K. Sen Uupla>, however, 
pointed out that A. K. Dutta 's absorption curves Imd a discontinuity, 
which was due to the superposition of two curycH. TIjcsc two 
curves apparently represented two processes in whi<'h lir atom was 
in and states respectively. 

The theoretical explanation for the typo of continuous absorp- 
tions without bands, was given by H. K. Trivedi^ from 
wave mechanical point of view. He gave an expression for the 
repulsive potential curve, transitions to which from lower states 
result in the dissociation of the molecule. He showed that a 
repulsive potential energy curve, denoting the interaction of two 
free radicals is represented by an equation of the typo 

Ur ^ A ^ 

the vibration eigen -values of which arc continuous from tho 
dissociation asymptote of the same state. H. K. Trivedi 
then worked out the most probable values for a Frauek-Condon 
transition from u' ^ 0 and v' • I level of the ground state. 
From a trial experiment with HBr ho obtained the proper 
constants. 

At the Muslim University, Aligarh, R. Samuel, K. K. A>«undl, 
and their co-workers S. M. Karim, S. L. Hussain, 
Israrul Haq, Sh. Nawazish Ali, Mumtnzuddin 
^ and M. Jan Khan have studied the absorption 
spectra of a large number of polyatomic molecules and complex 
salts, mostly in solutions. They maintuin that tbo idea that some 
of the molecules reveal ionic type of binding, as held by certain 
observers from their oxperimentol data on absorption, is doubtful ; 
and they put forward a theory of p-p coupling to explain tbe results. 
A complete summary of their work is given in the Report on 
* Absorption spectra and chemical linkage ‘ ^ wherein all the impor- 
tant references will be found. 

R. Samuel and his colleagues have recently developed a 
covalent theory of linking in which they have adopted the electron 
pair theory with certain modifications and have disregarded tlie 
one electron bond They say that there is only one kind of 
bnking the polarization of which may vary between zero (in Hg) and 
the value obtained for a true salt. Further it is held that the only 


^ P. K. Sen Qupto, Za.f. Phya., 8S. C47, 1934. 

^ H. K. Tnvsdi. Proc, Nat, Acad. Set., 4, 69, 1934 ; 6. 18, 1936. 

* R. Samuel, Monograph on Moleoular Spectra. Ind, Acad. Set., 
aangal^. 
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type of coupling existing between any two atoms is that between 
their electrons. They are of opinion that the a* electrons act 
only repulsively, 

P. N. Ghosh and bis pupils P. C. Mahanti, B. C. Mukerjee, 
Band Spectra N; Ball. B, D. Chatterjee, A. C. Datta. C. S. 

Ghosh, A. K. Sen Gupta and M. K. Sen at 
Calcutta have taken the spectra of MgO, CuO, SnO, CaO, SrO, 
BiO, BaO, MoO, PO, VO, GaO, GeO, AlBr, PN, AlCl, with a 21 ft. 
concave grating, and have carried on the vibrational analysis of the 
bands P. C. Mahanti has observed the isotope effect in the case of 
MgO Investigations on the inf^-red spectra of BO and of Bi- 
carbonates and Marcaptans were carried out by P. N. Ghosh and 
B. D. Chatterjee, N. K. Sen and A. K. Sen Gupta •. 

R. K. Asundi^, working at the laboratory of King’s 
College, London, carried out the analysis of the bands of C^. 
Asundi and Md, Jan Khan^ carried out the vibrational analysis of 
ScO, SeO^. Asundi and Samuel (along with M, Zakiuddin) investiga- 
ted the band systems of SiF, CdF. Asundi and Samuel gave, from 
band spectra data, a new value for the beat of dissociation of CO 
M. Ishaq working at the Imperial College of Science and 
Technology, London, studied spin coupling in *2 levels of andPZl 
and made a rotational analysis of the A2708 and A2756 bands of OD. 

N. R. Tawde ® made measurements on the intensity 
distribution for the violet bands of CN, Swan bands of C^. and also 
observed the BF bands in emission. W. M. Vaidya ® working 
at the Imperial College of Science, London, and later at the 
Institute of Science, Bangalore, investigated the flame spectra of 
CS}, CsH^, and many aromatic compounds. 

A general explanation of the active nitrogen phenomena, in- 
. . ^ vestigated spectroscopically by A. Fowler and 

Active Nitrogen (Lord Rayleigh II) was given by M. N, 

Saha and N. K. Sur They attributed the phenomena to activation 
of the Nj molecule to a higher excited state by electrical discharge, 
and communication of this energy to other atoms or molecules by 
collisions of the second type. This paper stimulated renewed 
interest on the subject, and was responsible for a large amount of 
experimenUl and theoretical work. P. K, Kichlu” showed 


» P. N. Ghosh and others, see various papers in Znd. Joum. Phyti. 
t P. Mahanti, Ind. Joum. Phyt., 455. 1935. 

3 P, N. Ghosh, etc., Ind. J9um. Phy4., 9, 433. 1936. 

* R. K. Asundi, Proe. Roy. Soc.. 134, 277. 1929. 

* M, Ishaq, Proc. Roy. Soc., A, 156, 231, 1936. - 

S Asundi and Samuel — eee vanous papers m the Indian Academy oi 

Sciences, Bangalore, from 1934-1936. 

’ M. Ishaq, Proe. Roy. Soe., A, 159 A, 110, 1937. 

S N. R. Tawde. Ind. Acad. Set., 2 A, 67. 1935. 

< W. M. Vaidya, Proe. Roy. Soe , A. 147. 513, 1934. 

10 jJrl. N. Saha and N. K. Sur, Phil. Mag.. 4S, 421. 1924. 
n P. K. Kichlu. Ind. Joum. Phyo., 4, 111, 1929. 
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«h«t active nitrogen contained no ionized particles, and was iiu-ap. 
able oftniz^ng s-odium. Folloxving his n.et).o.l the energy of the 
«cit^ T molecule «as fixed at 9-51 vo ts by European and 
ifu^se workers. Saha and Mathur’ have showi_ that in 
aoitrof many attempted motUficationa of Saha and .Siir» theory, 
CriKin explanation suggested in their paper st.U ho ds. 

Tn Saha and A. ^ Tandou* have developed a general 
experimental tcehmciuc for finding out tlio 
Electron affinity electron affinity of the halogens by studying 
of Halogens dissociation of alkali halides (like NaOl) into 

Na+ and Cl' in a high temperature vacuum f'^nace A N 
Tandon* has by this method fixed the electron uffimty of I. Br. Cl 
at 72 6 K.Cal., SO K.Cal. and 86 6 K.Cal. respectively. 


VI. Magnetism. 

Prom a series of measurements on organic substances Pascal 
lias shown that the diamagnetic siiscoptibihty * of a molecule 
may be obtained additively from those of the constituent atoms, 
each linkage introducing a constant delation depending on its 
kind. The inorganic eomiwundj show no such regiihirity of 
behaviour, but D. P. Bay Chandhuri* showed, on theoretical 
groimda, that for binary compounds the deviation from additive 
law will bo proportional to the heat of formation of compound, 

and found it to be generally so. .». . .»*• r 

As the complexity of a molecule increases tlie distribution ol 
the outer electrons departs more and more from central symmetry 
and the molecule shows anisotropy in iU behaviour. Ihe Cotton- 
Mouton Effect or magnetic double refraction in a transverse magnetic 
field baa been explained by Langevin on the basis of optica] and 
magnetic anisotropy of the molecules. C. V. Raman and K. o. 
Krishnan* gave an improved theory showing that there exists 
a quantitative connection amongst data on magnetic birefringence 
in liquid, those on light scattering and magneto- cry stallic behaviour. 
A large number of measurements on the Cotton-Mouton 
has been done by Ramanadhan and S. W. Chinchalkar . When 
optical anisotropby of a molecule la kno^ from data on 
light .scattering, the magnetic anisotropy can be calculated trom 
usgnotic birefringence. Ramanadhan’ finds that (i) the two 

» M. N. Saha and L. S. Matbxir, iVoc. Nol. Acad. Sci., 6. 120. 1936- 

a M. N. Saba and A. N. Tandon, Proc. Nat. Intt. Sei.» 3, 287, iyJ7. 

* A. N. Tandon, /nd. Jcum. Phtfs., II. 99, 207, 1937. 

* D. P. Ray Oxaudhupi. PhiL Mag., IS, 807, 1033^. 

* C. V. Ramaa and K. S. Kriahnan, Pfoc. Rag. Soc., 115, 640, 1927 and 
117, 1, 1027. 

* M. Ramanadhan, Ind. Joum. Phyt.. 4, 16, 1929? S. W. Chinehalkar. 
/nd. Joum. Phyt., 5, 166. 1931. 

^ M. Ramanadhan, Jnd. Joum. Phya., 4, 109, 1929. 
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anisotropies do not go hand in hand but there are parallel 
relations in groups of compounds similarly constituted, and (ii) 
the aliphatic compounds show a feeble negative birefringence while 
the aromatics show a strong positive one. 

This anisotropy of the individual molecules also manifests 
itself when they are arranged in a regular manner in a crystal. The 
magnitude of the differences in the susceptibility values in different 
directions of a crystal will obviously depend on the relative orienta- 
tion of the molecules within the crystal. Thus these magneto 
crystal lie measurements on diamagnetio crystals are expected to 
give useful information about the relative orientations of the 
molecules. Krishna n ^ has devised accurate methods of measure- 
ment and studied a number of compounds both organic and 
inorganic. In many cases it has been possible to supplement 
X-ray data regarding orientation by means of such measurements. 

While the diamagnetic susceptibilities of most substances 
agree satisfactorily with those calculated theoretically, a few 
crystalline substances, c.g., graphite, antimony and bismuth show 
abnormally high values. Ehrenfest and Raman ^ suggested 
that this is due to the existence of large electronic orbits 
surrounding many nuclei within the crystal. On this hypothesis 
pulverization of the above substances will reduce the value of x* 
V- I. Valdyanathan and S. R. Rao* show that the above sub- 
stances in the colloidal state have a low x value which again 
decreases with the size of the particle and tends to a constant value. 
R. N. Mathur ‘ claims tliat a large part if not the whole of this 
decrease is due to the formation of an oxide layer on colloidization. 

The question of orientation of molecules in a magnetic field 
has been discussed for a long time. If there is any effect it will 
manifest itself in the viscosity of the substance. S. Chatterjee 
has studied the change in viscosity of a number of organic 
compounds in a magnetic field and found that the co-efficient of 
viscosity changes though this change is very slight. ^ 

The name of Prof. S. S. Bhatnagar • must be mentioned at this 
place who with his students did a large amount of work m magneto- 
chemistry and found interesting relations amongst the x values of 
different kinds of isomers. He has also devised a very sensitive 
magnetic balance for quick determination of x values, which is 
now being manufactured by Adam Hilgcr of London. 


I K. S. Kriflhnftn, PhU, Trans.. 231, 235, 1933 and later papers in the 
same journal. 

a C. V. Raman, Nalur«, 123, 945, 1929. « r j 

a V. I- Valdyanathan, Jnd. Joum. Phys., 5, 669, 1930 : S. R. Rao, Ind. 

Jcum.Pkys.,t»,'24l, mi. ^ ^ 

4 R. N. Mathur, ind. Joum. Phys., 6, ISl, 1931. 

6 S. Chatterjee, Jnd. Joum. Phys., 10, 399. 1937. 

ess. Bhatnagar in Physical Pr^nctples and Appli<al\ons of Mayn^o* 
chsmiatry, by S. S. Bbatnagar and K. N. Mathur. (Measra. MaomiUan & Co.) 
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Tt is well known that Hund was the first to show how it was 
possible to caleulutc the magnetic moments of 
ParamagDetlsm paminaffnetlc ions of ran* cartlis and transitional 
oroup of elements ‘from a kno«-le<lge of the mnnb.-r of ‘•IcHrona 
Sesent in the incomplete shell and from their <pi»ntiim numbers. 
The formula given by him agrees 

mentally determined magnetic moments of the ions of tl lu r rc 
earth group, but fails to explain the magnetic moments of 
of the^first transitional group. Sommerfcld and 
improve on Hand’s formula by introducing some 
tions. without getting much better agreement. 1). 31. i>osc 
who bad been studying the magnetic moments of compounds of 
paramagnetic elements, gave a rule for calculating the 
number* of such compounds as function of the effective atomic 
number of the co-ordinating atom. In order to test s 

rule P. R. Ray and H. G. Bhar* prepared and measured the 
magnetic momenta of a large number of complex salts oi tlie iron 
and other groups, and showed that in certain cases the rule not 
obeyed. In order to account for these apparent exceptions Bose 
gave a theory of the structure of these types of molecules which 
is an extension of Sidgwick’s interpretation of co-ordination 
bonds, based on the electron theory of valency. From a study ol 
the simple and complex compounds of the iron group, Bose cam© 
to the conclusion that in ions of this group of elements the spm 
moment of the electrons in their incomplete shell alone contnbute 
to their magnetic moments, the orbital moments being quenched. 
Stoner showed that the quenching of the latter is not complete in 
all the ions, and gave an interpretation of the mechanism of the 
quenching based on formulse given by van Vleck for the moments 
of the ions of this group. This theory has uow been worked out 
more in detail by van Vleck and bis fellow workers. 

Since the electrons which are responsible for the magnetic 
properties of the ions are also responsible for their light absorption, 
we have a number of magneto optical phenomena. Of these tlie 
Faraday effect in solutions containing rare earth ions has been 
studied by P. K. PilJai^ and the magnetic birefringence of the 
same ions by S. W. Chinchalka^^ In these two classes of 
phenomena, the optical properties of paramagnetic compounds 
are influeneW by magnetic fields, D. 31. Bose and P. K. Raha ^ 
discovered a converse effect viz., how the ma^ctic suscepti- 
bility of paramagnetic solutions are influenced by light absorption. 
The study of these photomagnetic effects has given a new insight 


1 D. M. Boso. Z€H, fUr Phys., 43, 964, 1927. 

^ P. R. Ray and H. Q. Bl^, Joum. Ind. CAem. Soc,, 5, 497, 1928. 
s D. M. Bose, PA«r. May., 6, 1049, 1928. 

< P. R. Pillai, Ind. Jeum. Pkys., 6, 673, 1931. 

« S. W. Chinchalkar, PhU. Mag., 20. 966, 1936. 

0 D. M. Bose and P. K. Raha. Ztii.jUr Phys., 80. 361, 1938. 
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into the mechanism of light absorption in paramagnetic compounds. 
A theory of the relation between the ateorption spectra of para- 
magnetic compounds and their magnetic properties has been 
worked out by D. M. Bose and S. Datta^ Detailed experi- 
mental application and extension of this theory has been carried 
out by Datta His detailed investigations show how the 
magnetic and optical behaviour of ions are correlated. He has 
also studied the mechanism of quenching of orbital magnetic 
moments under different conditions in the iron group of ions, 

An interesting observation was made by P. C. Muklierjee^ 
He investigated the absorption spectra of Nd *'■+•*’ ions at liquid 
air temperatures and obtained evidence of lower excited levels 
at 249 cm“* above the ground term. This is in fair agreement with 
the splitting of the ground term calculated by Penney and Schlapp» 
and is the first direct evidence in support thereof. 

There is a class of paramagnetic substances of which the sus- 
ceptibility is practically independent of temperature. D. P. Ray 
Ohaudhuri and P. N. Sen Gupta ^ have investigated this class 
of compounds and shown that the atomic susceptibility of the 
magnetogenetic atom is not a constant, but depends on such 
factors as the intramolecular field, the crystalline field, etc. 

In the field of low temperature Physics, paramagnetic sub- 
stances have proved very useful. It is indeed by the demagnetisa- 
tion of such substances that temperatures lower than that obtainable 
by any other means have been attained. The ' Characteristic 
temperature ^ (i,o., the temperature at which the freedom of rotation 
of spin axes gets severely restricted) of these paramagnetic sub- 
stances play a very important role in determining their behaviour 
at such low temperatures. Krishnan ^ Itas shown that it is 
possible to predict the ‘ characteristic temperature * by measure- 
ments on the magnetic anisotropies of the substance at room 
temperature. 

Ferromagnetic substances are characterized by high magnetic 
permeability, which decreases suddenly above a 
Ferromagnetism that is a characteristic of each sub- 

stance and is known as its Curie point. Beyond this temperature the 
substance is paramagnetic. The special properties of the ferro- 
magnetics were shown by Weiss to be due to a molecular field whose 
origin was a mystery till Heisenberg gave a satisfactory interpreta- 
tion of it, baaing upon the idea of the existence of an energy of in- 
teraction between electrons each of which is supposed to be associated 
with an atom in a crystal lattice. These electrons are not 


I D. M. Bose and S. Datta, Zeit./ur 80, 376, 1933. 

a S. Dane, PhiL Matj.. 17. 586. 1934. 

5 P. C. Makherjee, Jnd. Joum. Phys., 11. 123, 1937. 

< D. P. Ray Chaudhuri and P. N. Sen Gupta, 2nd. Joum. Phys., 10, 
246. 1930. 

6 K. S. Krishnan, Phil. Tran^., 235, 343, 1936. 



SAHA : PHYSICS. 


cm 


permanently attached to their parent atoms, hut have a finite 
probability of interchanging their ]^itions. It is found that all 
ferromagnetic substances have a finite elect Heal conduct I vity, and 
tbe question arose whether all the electrons which tnkc part with 
electrical conductivity in them are also carriers of ferromagnetism. 
Experiments performed on pure Nickel hy OerJach and his students 
showed that only a part of the conductivity is due to the ferro- 
magnetic electrons, while the same result was proved for the semi, 
conducting ferrites by K. P. Ghosh*. D. P. Ray Chaudliuri* 
has studied the effect of tension in changing the Curie point 
of Nickel wires and thus verified some of the conclusions drawn by 
Slater on the dependence of the interaction energy on the interatomic 
distances in tbe crystal lattice. 

Another interesting question which is not yet quite decided is 
whether the orbital moment of electrons contribute anything to the 
ferromagnetic phenomena. Prom gyromagnetic experiments made 
on metals the conclusion was drawn that only the spin moment of 
the electron contribute to ferromagnetism. Very careful experi- 
ments by Barnett have made it probable that the orbital moment 
of the electron contribute a small part to the effect, and this con- 
clusion is supported by the investigation of D. P. Ray Chaudhuri * 
on the gyromagnetic effect in the ferrites. 


VII. Optics and Raman Effect. 

(a) DiffractUm Phenomena. 

An intensive study of diffraction phenomena was started by 
V, V. Raman in 1917, in collaboration with S. K. Mitra, N. M. Basu 
others*. Tho phenomena of laminar diffraction, or diffraction 
M an edge where a transparent plate such as mica changes its thick- 
ness or refir^tive index was studied by P. N. Ghosh * and later by 
I. Ramakrishna Rao*. S. K. Banerji’ made an important 
^retical study of the Foucault test. T. K. Chinmayanaodan « 
dead) studied Haidinger’s rings. N. K. Sethi® studied 
niwrference and diffraction phenomena in liquids in which light of 
^erent colours travel with different velocities and showed the 
importance of the concept of group -velocity in dealing with such 
penomeua. The flow of energy when reflection takes place at the 
wundary between two transparent media and the coloura of diffr ae- 
on at metallic edgea, have also been studied by Raman and his 



3S, S'***- J S. K. Mittra, Phil. 

N. M. Basu, Phil. Mag., 35, 79. 1918. ^ 

KlIS. *** ^**ocfahon /or 


700 


PROORBSS OF SCIENCB IN INDIA. 


pupils. Working in Raman’s laboratory, B. B. Ray ‘ studied in 
19:^0 and 1921 the colour and polarization of light scattered by 
colloidal suspensions of sulphur and made detailed calculations of 
the scattering of light by small transparent spheres of refractive 
index greater than unity and of diameter in the neighbourhood of 
the wavelength of the radiation. The problem is of great interest 
in meteorological optics. 

In recent years, optical anisotropy of some organic crystals has 
been studied by S. Bhagavantam, K. L. Narasinham* and M. 
Ramanadham The Kerr effect in viscous liquids has been 
studied by S. C. Sircar ^ using radio-frequency oscillating field and 
the time lag has been determined. The anisotropy of optical 
polarization field in liquids has bean studied by M. Ramanadham 
B. V. R. Rao ® has studied the Doppler effect in light scattering in 
liquids by examining the structure of the Rayleigh line due to 
various liquids under different conditions with a Fabry Perot 
e talon. S. M. Mitra^ has studied the polarization of fluorescence of 
dye solutions. 8. S. Bhatnagar and D. L. Srivastava ^ have studied 
the optical inactivity of active sugars in absorbed state. Stress 
optica) effect in overstrained celluloid has been studied by S. R. 
Savur Raman has investigated the origin of colours of 
irridescent shells and found that the colours were due to diffraction 
effect. 

(6) Tht Raman Effect. 

Investigations on scattering of light were started in Calcutta 
by 0. V, Raman in 1919. Since then, many workers have carried 
out investigations in this line of research in collaboration with him 
and under his guidance, and as a result of these investigations, a 
large number of papers dealing with the theoretical aspects as well 
as with experimental results have been published in various scientific 
journals of England, America, and India. Information regarding 
most of these papers is available from the bibliography published 
in 1931. It may not be out of place, however, to mention a few of 
these papers which embody either notable contribution towards 


1 B. B. Ray. Froc. Ind. Assoc. Ctt/f. Set., parts 1 and 2. 1, 1021. 

2 S. Bhagavantam, Proc. Roy- Soe., 124. 545. 1920. Ind. Journ. Phys., 
4, 1. 1020. 

^ M. Ramanadham, Proc. /nd. Acad. Set., 1. 425, 1035. 

•* S. C. Sircar. Ind. Journ. Phys., 3, 400, 1029. 

^ M. Ramanadham, Proc. Ind. Acad. Set., I, 2Sl, 1034. 

« B. V. R. Rao, Pros. Ind. Acad. Set., 1. 675, 1035 ; 2, 236, 1035. 

’ S. M. Mittra, Zeits.J. Phys., 92. 61. 1034. 

® S. S- Bhatnagar and D. L. Srivastava, Journ. Phys. Chem., 2S. 730, 
1024. 

® S. R. Savur, Proe. Roy. Soe., 100, 338, 1925. 

C. V. Raman, Proe. Ind. Acad. Set., 1, 567, 1935 ; 1, 850, 1935. 

S. Bhagavantatn. Ind. Journ. Phys., 5, 303, 1931. 
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the theory of the phenomenon or experimental results of far- 

a new theory (1922) to explain the colour 
of the sea. Formerly, the colour was supposwl to bo duo to reflec- 
tion of blue sky Ught or due to suspended matter. According to 
the new theory it is due to molecular scattering of light. It was 
pointed out that in this case, the intensity of the molecular scattering 
flight calculated from the theory of fluctuation of density dovoloped 
by Einstein and Smoluchowski Agrees fairly well with observed 
values, and also the theories of previous workers were shown to 
be erroneous. K. R. Romanathan* showed by examining the 
light scattered by difierent samples of sea water that the colour of 
the deep sea. whore there is very little suspended matter, is practi- 
cally the seme as that of dust free water, end the colour changes to 
bluish green or green owing to the presence of suspended matter or 
some fluorescent matter in regions not far away from the land. The 
first detailed investigation of Raman • on the theory of light scatter- 
ing in dense fluids was published in 1922. Subsequently, Raman 
and Ramanatban * investigated the same problem and showed 
that the Rayleigh law of scattering is applicable only to obeying 

Boyle^s Law, and since this law is bas^ on random distribution of 
moleculeSy it should not be applicable to dense fluids. Assuming the 
non ♦random distribution to given by the Boltzmann’s theorem, 
they deduced an expression for the scattoring power per unit 
volume of the medium, which reduces to the Rayleigh Law for 

C es obeying Boyle’s Law. The results thus deduct from the 
etio theory agree with those deduced by Einstein and 
Smolucbowsld from thermodynamical theory of fluctuation of 
density. These authors^ also revised Einstein’s approximate 
investigation of scattering of light by liquid mixtures and showed 
by developing a rigorous formula that light scattering arises not only 
due to a spontaneous local fluctuation in the composition of the 
mixture, but also due to the local fluctuation of density. Tbo 
effects of molecule anisotropy were also discussed. 

Electro-magnetic theory of light-sca tiering was also developed 
by K. R. Ramanatban but later Raman and Krishnan ^ 
developed a theory, which explains the facts more satisfactorily than 
previous theories. In this theory the polarization field acting on a 
molecule was assumed to be dependent on the orientation of the 


' a V. Raman, Proc. Roy. Soe., tOl. 64. 1622. 

^ K. R. Ramaoathan, Phit. 46. 643, 1923. 

^ C. V. Raman, Molaoular diffraction of light. Calcutta Univenitv 
PrsM. 1922. 

* C. V. Raroan and K. R. Ramanatban, Proc. Irtd, Atooc. CuU. Sci., 8. 
1. 1923. 

^ C. V. Raman and K. R. Ramanatban. Phil. Mag., 45, 213. 1923. 

* E. R. Raman Athoa. Pnx. 2nd. Aosoc. CxiU. Sei., 8, 1, 1924: 8, 181. 
1924. 

* C. V. Raman and E. 8. Erishnan, Phil. Mag., 5, 498, 1028. 
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molecule, i.e., the polarization field was taken to be anisotropic. 
With the help of this theory the authors were able to deduce an 
expression for the inteosity of the scattered light which is in close 
agreement with observed values, and also they were able, in some 
cases, to calculate the depolarization of light scattered by the 
liquid from that of the vapour. Raman and Krishnan ^ also 
developed a theory of optical and electric properties of liquids 
taking into consideration the anisotropy of the polarization field, 

In the experimental investigations on light- scattering carried 
out by Raman and his co-workers since 1919 till the end of 1927, 
the intensity and degree of depolarization of the light scattered by 
different substances under different conditions and in different states 
were measured. A systematic study of the depolarization of light 
scattered by about 60 liquids was first made by K. S. Krisbnan ^ 
and later J. R. Kao ^ studied the light scattered by 63 vapours and 
gases. The study of depolarization of scattered light not only 
resulted in the determination of useful data and the verification 
of various theories, but also led to the discovery of the Raman 
* tffeci. 

As early us 1921, Raman and K. S. Rao* observed that when 
sunlight is used as the incident light, the dcpolari- 

Dlscovsry xation of the light scattered transversely by 
distilled water increases markedly when a violet filter is placed in 
the path of the incident beam. The effect was confimed by 
Raman and K. S. Rao^ by careful investigations. Ramanathan® 
showed, by systematic investigations, that the dependence of the 
depolarization of scattered light on wave-length of incident light 
was due to the presence of secondary radiation which was supposed 
by him to be ' weak fluorescence This ‘ fluorescence ’ could 
not be removed, however, even after careful chemical purification 
of the liquids. K. S. Krisbnan ’ observed that out of 60 liquids 
studied by him, a large number exhibited this phenomenon. 
S. Venkateswaran undertook the investigation of the same problem 
in 1925, but got no definite results. When hQ resumed the m- 
vestigation in 1928, he observed that the visible radiation excited 
in pure glycerine bv the ultra-violet portion of sunlight transmitted 
through a coming glass light filter is strongly polarized. The signi- 
ficance of these results was not, however, fully realized till later it 
struck Raman that the phenomenon might be the optical analogue 
of the Compton effect. With this idea, he tried to investiga^ m 
collaboration with Krishnan whether in the scattered light any light 

1 C. V. Raman and K. S. Krishnan. Proc. Roy. Soc., 117. 69&. 1928. 

2 K. S. Krishnan, PkU. Mag., 50, 697, 1985. 

3 I. R, Bao, Ind. Jour. Phyt.» 2, 97, 19-7. . 

4 c. V. Raman, Kao and Shashagiri, Molecular diffraction of ug** » 

Calcutta University Press, 1922. 

5 C. V. Raman and K. S. Rao. PAW. 45, 633. im. 

0 K- H. Kamanuthan, Proo. Jnd. 

7 C. V. Raman and K. S. Krishiian, Phxl. May., 5. 498, 19-8. 
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of modified wave-length is present. In the prclimimiry investlga- 
tions sunlight was used as incident beam an<l two oomphmcntury 
light ’filters, one blue -violet and the other green, were us<‘<l. The 
green filter could cut off all the radiation transmitted by the blue- 
violet filter, The latter was placed in the path of the incident beam 
and when the green filter was placed in the path of the scutterod 
light, all the scattered light could not be cut off, but a feclde green 
light was observed to be present. It was aUo observed tliai this 
green light was well poldri 2 <Ki and very feeble, and hence it was 
concluded that this light was different from ordinary seatterc'd light 
and fluorescent radiation and was due to a new kind of secondary 
radiation. This new radiation was observed by them in many 
liquids, solids and gases, and the universality of the phenomenon 
was proved. 

The investigations were next repeated using light from mercury 
arc as the incident beam, and the scattering spectra wero photo- 
graphed with the help of a spectrograph. The spectrogruma 
exhibited at cnee the presence of new lines of modified wave-lengths 
in the scattered spectra. It was observed that most of the modified 
lines were of degraded frequencies but a few were also preset)t 
with enhanced frequencies. These observations were made on 
February 28, 1028, and announced the next day. The results of 
these investigations formed the subject of the inaugural address^ 
delivered before the South Indian Science Association on March Jfi, 
1928. It was mentior,e<i in this address that the phenomenon 
could be explained by Kramers- Heisenberg theory of dispersion 
according to which part of the incident quantum can be absorbed 
by the molecule and the remaining part can be scattered giving a 
radiation of modified frequency {v — and occasionally the 

etiergy of the molecule can also he given to the incident quantum, 
thereby giving rise to a scattered radiation of enhanced frequency. 
In subsequent communications it was pointed out by Raman and 
K. S. i^shnan * that the shifts of modified scattered lines 
correspond to the frequencies of vibration of the molecules, most 
of these frequencies being also observed in the infra-red absorption 
spectra. Later, it was pointed out * that the unmodified scattered 
line was in some cases accompanied by a continuous spectrum 
extending up to a few Angstrom units on each side, and it was 
suggested that rotation of the molecules might be responsible for the 
origin of this continuous ‘ wing 

The phenomenon of presence of modified wave-lengths in 
scattered light mentioned above was called the Raman effect first 
by Pringsheim*. This phenomenon was also observed indepen- 


I £* X' Jcur. Phift.y 2, 399. 1928. 

I S* Tr S. Kri^wan, Ind. Jour. Phffo., 2, 399, 1928. 

192S K. S. Kjuhnan, Ratur4, 122, 82, 1928 ; 122, 278, 

* P. Pringsbeim, Naltmrios., 16. 597, 1928, 
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dently is crystals by Landsberg and Mandelstam*, but they 
could not realize the universal it j' of the phenomenon, and for 
this reason they restricted their investigations to crystals only 
and did not investigate Liquids in which the phenomenon can be 
observed more easily. The discovery of the phenomenon attracted 
the attention of the scientists all over the world and investigations 
on Kaman effect were started soon after the discovery in many 
other laboratories of Europe and America*. 

The investigations on the Raman effect carried out so far in 
India relate to different aspects of the pbeno* 
menon, viz. : (1) theory, (2) experimental veri- 
* fication of theories, (3) exjjerinuntal technique, 

(4) chemical constitution and the structure tf the molecules, (5) 
effect of change of state and of other phyoical conditions on the 
phenomenon, and (6) the origin of modiued continuous line spectra 
which are generally observed in the llaman spectra of liquids and 
solids respectively. Numerous papers dealing with these aspects 
of the Kaman effect have been published from different laboratories 
in India. It will be beyond the scope of the present volume even 
to mention the name.s of all the authors and tlic titles of all these 
papers. Bibliographies of the papers published till the beginning 
of 1935 have, however, been published*. 

As bas already been mentioned, explanation regarding the 
origin of the phenomenon was given by Raman 
Theory ot Raman Kaman and Krisiman in a series of papers 

and notes published just after the discovery of 
the Raman effect. A preliminary theory regarding the origin of 
the anti ‘Stokes (of enhanced frequency) Raman lines was first 
offered by Raman and K. S. Krishnan who pointed out that 
these lines are due to induced emissions from initially excited 
states of the moiecule, the feebleness of these lines being due to the 
fact that the ratio of the number of molecules in the excited state 
to that In the ground state is from thermodynamical considerations 
proportional to where v is the frequency of the line. Ihe 

detailed theories of the vibrational as well as rotational Raman 
effect have been investigated by S. Bhagavantam • from classical 
point of view, from which information regarding the intensity 
and polarization of the linos can be obtained. 


I G. Laudsborg and JU. Mandelstam, Naiurwisa, 16, 657, 1928 ; Compl. 

187^ iU9, predicted from thermodynamic^ 

rcai^oning by Sraekal in 1923. but the discovery of I^n effect was a logical 

culmination of researches earned out m Raman slaUjmtory. 

S. Bhagavantaro. ind. Jour. RAys.. 5, 25/, 1931 , S. C. ^**^*^*/”f' 
Jour. Phya.. 7, 431, 1932 j S. C. Sircar and !>• 

9, 553, 1933; J. H. Hibbeu. Che^n. Rev.. 13. 34o. 1933 .18, 1. 

* C V. Raman and K. S. Knshnan, Jnd. do«r. RAys.. 2. 399, 1928. 
t S. Bliugavantam, Ittd. Jour. Phya.. 6, 331, 381, 557, 1933. 
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Besides the classicfti theories mentioned alxivo, both classical 
and quantnra mechanical theories of the Haman 
Experimental have bc?en put forward by Manneback, 

Scori?8 ° Plac7.ek and others which are accepted now-a- 

days as the most up-to-date thecirics of the 
phenomenon. Experiments have been carried out in other parts 
of the world as well as in India to test how far these theories can 
explain observed facts. The experiments carried out in India relate 
to the dependence of the intensity of the Raman lines on the 
incident frequency the relative intensities of Stokes and anti* 
Stokes Raman lines the angular distribution of intensity of 
Raroan scattering*, the relative intensities and polarization 
of rotational Raman lines of hydrogen * and of a few other 
substances, and the results generally agree with the polarisability 
theory except in a very few cases. 

The techzuque originally employed at the time of the discovery 
of the Raman effect has been modified from time 
^ conditions of particular 

^ investigations. P. Krishnamurti * used a modi- 

fied technique to investigate the Raman spectra of crystals and 
of highly coloured substances. N. N. Pal and P. X. Sen Gupta * 
used a continuous distillation apparatus in order to remove 
the fluorescent matter fri>m some liquids and thereby were 
able to record the Raman spectra free from continuous background. 
Other improvements regarding the use of suitable Light filters have 
also been made by some Indian workers, and the technique employed 
by R. Ananthakrishnan ^ for investigating the H&man spectra 
of solids may be mentioned in this connection. 

Most of the investigations on the Raman effect carried out in 
India relate to this particular aspect of the 

K snomenon and almost all the workers on 
man effect in India have Investigated this 
particular aspect. The early work of Raman and 
K. S. ICrishnan Just after the discovery of the 
Raman effect dealt with this particular aspect. 
This work was pursued, and numerous organic and inorganic sub- 
stances were studied under the guidance of Prof. Raman by a 
number of workers, via., A. S. Ganesan, and S. Venkateswaran, S. 
Bhagavantam, P. Krishnamurti, S. Parthasaratby, S. C. Sirkar, 
N. Gopal Pai, 0. S. Venkateswaran, R. AnanthkrishDan and a few 
others. Some of the above workers are still pursuing this line of 


Relation to 
Chemical Con* 
sdtution and 
Molecular Struc- 
ture 


I I* S* {"i ’ 159. 693. 663. 1930 ; 6. 183. 1031. 

* S. a Sircarj/fki. Jour. PAjw., 6. 295. 1931 j 8. 07. 1033. 

! 9 Chaudhuri. ZeUo.f. Phus.. 72. 242, 1931. 

♦ S. Bhagavantano, Ind. Jour, PAy#., 7, 107. 1952. 

. S* Ind. Jour. Phyo., 5, I. 587. 1930. 

• N. N. Pal and P. Sea Gupte. Jnd. Jour. Pky$., 5. 609, 1930. 

» K. Ananthakrishnaa, Nature, 138, 803, 1036. 
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Effect Of 

Change of State 
and of other Pby* 
aical Conditions 


work independently. InvestigAtions in this line have also been 
carried on in various laboratories of India by other workers, viz., 
J. C- Ghosh and co-workers, A. S. Ganesan and V, N. Thatte, N. N. 
Pal and P. N. Sen Gupta, S. X. K. Jatkar and a few others. The 
results of these investigations furnish data regarding the number 
of Raman lines, their frequency shifts, polarization characters and 
relative intensities, from which conclusions regarding the structure 
of the molecules and their chemical constitution have been drawn. 
The formation of co'ordination compounds has been studied with 
the help of Raman effect by D. M. and S. Dutta 

Investigations have been carried out to see how the Raman 
spectra of different substances undergo changes 
with change of state, and change of tempera- 
ture, with dissolution in solvents and with the 
application of external electric field. Such 
investigations were started soon after the 
discovery and have been carried on from time to time ; even at 
present some of the Indian workers are investigating problems of 
this kind. The effect of change of state was first studied by L. A. 
Ramdas^ and later followed by many Indian workers. The 
influence of temperature was first studied by K. 8. Krishnan * 
and later investigations of the Raman spectra at different tempera- 
tures, both high and low, have been carried on by most of the Indian 
workers. The investigations at low temperature are still being 
pursued by S. C. Sirkar and his co -workers. The first attempt to 
study electrol 3 ^ic dissociation from Raman effect was made by 
I. Rama Krishna Rao*. S. K. Mukherjee and P. N. Sen 
Gupta ^ also investigated similar problem almost simultaneously. 
Hydrolysis and formation of complexes in liquid mixtures 
have been studied by P. Krisbnamurti Very recently R. 
Anantbakrishnan ^ has studied the exchange reaction in the case 
of solution of ammonium chloride in heavy water. 

After the results of preliminary study of the Raman spectra 
of crystals had been announced by Prof Raman, 
Relation lo Crys- Raman spectra of crystals were first studied 

in India by K. S. Krishnan®, and later by 
1. Rama Kjishna Rao ®. The study of the Raman spectra of 
crystals of elements was first undertaken by C. Ramaswamy . 


1 D. M. Bose and S. DuUe. Nature. 126. 125. 1931. 

* L. A. Ramdes. Ind. Jaur. Phye., 3. 131, 192S. 

5 K. S. Krishnan, Nature, 122, 650, 1026. 

4 I. R. Rao, Nature, 124. 762. 1929. ^ 

6 S. K. Mukherjee and P. N. Sen Gupta. Ind. Jour. Phys.. 3, o03, jy-w 
e P. Krislmamurti. Ind. Jour. Phys., 6. 34S, 401, 1931. 

t R. Ananthakrishnan. Proc. Ind. Acad. Set., 5, 175, 1937. 

8 K. S- Krishnan, Nature. 122. 477, 1928. 

8 1. R. Bao, Ind. Jour. Phye., 3. 123. 1928. 

10 C. Ratnaswamy, Nature. 125, 704, 1930. 
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Origin of 
Modmed Cooti- 
Duoud aod Line 
Spectra In the 
oeighbourhood of 
the Rayleigh Line 


Later on S. Bbagavantam and P. Krialmamurti and a few otlier 
workers carried out some investigations in this line. The Raman 
spectra of crystals of ma4iy organic and inorganic compounds have 
been investigated by most of the Indian workers, and some of them, 
viz., R. Ananthakrisbnan, J. Gupta. C. S. Venkateawaran and 
S. C. Sirkar and a few others are still pursuing these investigations. 

Several attempts liave been made to investigate the origin of 
the * wing ’ which accompanicH the Rayleigh 
line in liquids. For this purpose, the intensity 
and polar Nation of the wing, the effect of 
change of temperature and of the change from 
the liquid state to vapour on the relative 
intensities and on distribution of Intensities 
have been investigated. These investigations 
were first undertaken in India by S. P. 
Ranganadham ^ and later pursued by Bbagavantam and his co- 
workers and Sirkar and bis co-workers. The results have ted to 
the conclusion that in the case of the liquids the distribution of 
intensity is modified by the presence of intermolecular field. The 
origin of the Raman lines which appear close to the Rayleigh line 
in the Raman spectra of some organic crystals has also been in- 
vestigated by stud^g the inffueoce of temperature and of crystal 
lattice on the relative intensities as well as on frequencies of these 
lines. The results seem to indicate the presence in the crystals of 
polymerized groups or small * clusters ' having electronic bindings 
among constituent molecules, the intermolecular osoiUations in these 
clusters being responsible for the origin of the lines mentioned above. 
These investigations were started in India by S. 0. Sirkar K 


Vlll. Radio .Acrmry, Nuclear Disditeoratiok, Posittvb 

RAYS ABD Cosuio RATS. 

The work dono in this important branch has been neither 
extensive nor systematic. It is probably due to the paucity of 
resoT^ces of the Indian Laboratories. In this report the work done 
in this country and by Indian workers in foreign countries will be 
reported under the following sections : 

(а) Radio-activity of rocks and hot springs and of the 

atmosphere ; 

(б) Investigations with a and particles ; 

(c) Absorption and Scattering of yrays ; and 

(d) Cosmic Rays and Positive Kays. 


1 i‘ o* Ind- Jour. PAy#., 7. 353, 1932. 

- 5. C. Sirkar, Ind. Jour. PAyr., tO, 109. 1936. 



708 


PBOGBESS OF SCIENCE IK INDIA. 


(a) Radio-activity. 

In 1914, H. E. Watson and Pal' published a record of the 
investigation of the radio-active contents of rocks in the schists 
bored from gold-fields in Mysore. No relationship between depth 
and radio-active contents could be observed by these authors. N. 0. 
Nag ^ investigated the radio-activity of columbite from Gaya district 
and of Allonite from Ranchi. Similar investigations on radio- 
active rocks have been carried out by Yajinik and Kohli The 
radio-activity of the spring water has also been the subject matter 
of several investigations. In Bombay Presidency Stei^en^ made 
a study of the radio-activity in the spring water from Tirwa. Mann 
and Paranjpe^ studied the hot spring water from Ratnagiri* N. 0. 
Nag^ also investigated in detail the radio-activity of the hot spring 
at Ratnagiri. K. De ’ in 1925 gave a method for the separation of 
TJrX from uranyl salts. His method is a modification of some 
standard methods. D. B. Deodhar ^ of Lucknow made a survey of 
atmospheric radio-activity in Northern India. It was found by 
him that the activity was greatest during the coldest part of the 
year, and the activity found in this country was much greater than 
that found by Simpson, Gockel and others in Europe. The reason 
of this, according to the author, is that the place of observation was 
inland and the nearest distance from the sea was about 600 miles. 
Estimate was also made by the author of the variation in the 
activity with the barometric pressure during different months in 
the year. 

(6) Inv€stigation4 With « and fi Particles. 

In this section we give an account of a number of investigations 
made by B. M. Bose* in Germany during 1915-1917 in Regener’s 
Laboratory in Berlin. In this investigation tracks of a-particles 
were photographed in different gases, in a Wilson's expansion 
chamber made of glass, in which tbe expansion was made by a 
magnetic release. The ionization tracks of recoil H-particles due 
to collisions with «-particles, as predicted by Darwin, were photo- 
graphed for the first time and the angular distribution was shown to 
be in accordance with theory. Further the tracks of 8- particles 
were photographed almost simultaneously with Biimstead. The 


» H. B. Watson and Pal, Phil. Mag., 28, 44, 1914. 

^ N. C. Nag. Jour, oj Otolagical, Mining end Mefallurgual Soc. India, 
11, 1020; N. C, Nag. Malaviga Comrrumoralion Vol., 778, 1932. 

8 Yajinik and Kohli, Jour. Chem. Sac. London, 126, 620, 1924. 

* Steichen, Phil. Mag., 31, 401, 1916. 

6 Mann and Paranjpa, Jour. Boy. Asiaiic Sac., 1916. 

0 N'. C. Nag, I'rano. Boae JnBilute, 7, 319. . 

7 U De, Sc. Aaroc. Maharajas ColUgc Vicianagram, Oct. 1926 also Jour. 

Chcin. Phys., 23, 197, 1926. 

s 1). B. Deodhar. Proc. Roy. Sac. A, 109, 280. 192^ 
a I). M. Bose. Phys. Zeit., 17. 388. 1916 ; Zttt. f. Phys., 12, 207, 192- 
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ionization tracks of particles from Ra E were also stmlicd nml tl.o 
nroblem of simple and multiple scattering of tlioso particlcB and t ho 
Election of secondary electrons w'crc studied. It was also noticed 
that when particles were incident on the s.irfa.o of a mica 
the ionization tracks showed some anomalous bchuMour This 
problem was later taken up by H. P- De‘ who gave u salisfuctor^ 
Lplauation of the ob8e^^•ed effect. D. M. Bose* contnn.ed hi« 
line of investigation after his return to India. In a jMpor published 
in collaboraUon tvith S. K. Ghosh* the tracks of radio-active rccoi 
atoms were photographed in hydrogen under reduced pressure and 
the higli ionising power and the scattering of these recoil atom.s 
were observed. In a letter published in Nature, the same authors 
gave some photographs of a-particlos in Helium. In some of them 
pairs of recoil S-particlc tracks were shown, pointing to the sjmul- 
tsneons ejection of two electrons from Helium atom ; probability 
of such ejection had been studied by Millikan using the oil drop 
method. Another photograph was given, which was interpreted 
as representing the disintegration of a nitrogen atom. S. K. 
Ghosh * gave a detailed account of those investigations. 

M. S. Krishnan and Mahadevan • in course of investigations 
with cordierite (a double refracting crysUl) gave on explanation of 
the Giant pleochoric haloes observed in them as being due to the 
long range of «• particles from Ra C' and Th C* enclosed in the 
material. 

R. Naidu* has made a fresh study of the ionization curve of 
a-particles. It has been shown in this paper that Bragg V curves 
are to some extent falsified by multiple scattering. With the new 
apparatus due to this author, the ranges of a-particles from Po 
and Ra C' were examined. The author notes that for Helium and 
Neon the loss of energy of the oi-particle was entirely duo to ionizO' 
tion, whilst in the Argon and Air a large portion of the loss was 
duo to the excitation and dissociation of the molecules. The same 
author ^ has published similar investigations on Bragg's curve for 
Krypton and Xenon and the results were compared with those 
found for Helium and Air. In continuation of the previous work 
Naidu has calculated the stopping power of the rare gases and 
the velocities corresponding to the maximum ionization were 
evaluated. 

Taylor and Dabholkar ^ have published results about the 
ranges of a^particlea in •photographic emulsions. Numerous 


i H. P. De, Phy$, Btv„ 30, d60, 1927. 
s D. M. Boee, S. E. Qboth, Phil, May., 46, 1060. 1923. 
s D. M. Bose. 8. K. Ghosh, Noluf€. 111. 463. 1923. 

« 8 . K. Ghosh. BuU. Cal. Maih. See., 17, 99. 1926. 
i M. S. Kriahaan and 8. Mabadsvan, Ind. Jour. Phy$., 5. 669. 1930. 
4 Naidu. Ann d« Phytxyut, t, 72-122, 1934. 

7 Naidu, J. 4« Phyatqyu «| U Rodttim, 5, 343, 1034. 

4 Naidu, J. de Physique et U Radium, 6, 676, 1934. 

• Taylor and Dabholkar. Phyt. 5oc. Prac., 4$. 286. J936. 
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particle tracks on Ilford plates were measured, from which the 
extrapolated range was determined. This method was also 
employed to determine the ranges of the particles produced by the 
disintegration of Boron and Lithium under slow Neutron born* 
bardment. Samarium was investigated by this method and the 
ranges of the «-particles emitted from it were determined. 

The same authors * have studied the ranges of particles emitted 
by Thorium series by the previous method. Radio-Thorium was 
introduced into the emulsion and actually five tracks emanating 
from a point were found, these tracks are ascribed to the five different 
types of particles emitted by the subsequent disintegration nroducts 
of Radio-Thorium. 


(c) Absorpiion and Scattering of y-raya. 

Tlie true absorption co-efficient of y-ra 3’8 was investigated by 
Duane and Majumdar* who gave an empirical formula for this 
coefficient. 

A series of investigations on absorption and scattering of rays 
were made by N. Ahmad In the later paper the absorption of 
y-rays from Ra B an<l Ra C, filtered through different thicknesses 
of several elements have been measured by a modified balance 
method. For each element the atomic absorption coefficient were 
found to l>e represented by AZ and B2 where A and B are con- 
stants for a particular beam. The first term represents the scatter- 
ing absorption and the second part the fiuorescent absorption. This 
shows that the absorption of y-rays follows the same general laws 
as that of X-rays. Using an ionisation chamber capable of revolu- 
tion about the radiator the intensities of the scattered rays were 
measured. The observed values were found to agree well with 
Compton’.s formula. 

It has been found that y-ray in its passage through foils of 
heavy elements gives rise to positron and electron pairs. This has 
formed tlie subject of investigation by Dixit * in collaboration with 
Bewilogua. A uniform magnetic field was employed to analyse 
the energies of the electrons and positrons emitted from their metal 
foils when subjected to y-rays. The ratio of the yield of electron 
to positron was calculated for Pb, Ag and Al. The values were 
found to be independent of foil thicknesses but proportional to the 
atomic number. Further in order to ^tudy the absorption of the 
corpuscles (+ and — ), foils of different thicknesses were placed 
before the photographic plates, and a relation between blackening 
and foil thicknesses was obtained. It was found that for *3 gra.- 


* Taylor and Dabholkar, Proc. Ind. Acad. Sci., 3A. 265. 1036. 

2 Diiono and Majumdar. Acad. Sci. Ptoc., B, 45. 1022. 

a N. Ahmad, Free. Roy. Soe., A. 105. 507, 1924 ; 106. 8, 1024 ; and 100, 
206, iy2.>. 

♦ Dixit and Bewilogua, Phy^. Zeits, 35, 690, 1034. 
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cm* of Pb there was a complete absorption of liotli tl.e positrons 
and electrons. It was further found that the secondary 
were three times greater in the ease of positron than tlioiw for 
electrons and this was clearly due to the umuhilat ...n of 

Production of positrons from Bi-smutli was the subject m..ttcr 
of the investigation by H. P. Do This paper giv^ an account of 
tlie study of the emis-sion of the positrons from Bisinuth 
absorption of radiations and neutrons emitted from a '"''C contaiii- 
iug a mixture of Mesothorium and Beryllium Oxide. 
uwd was a cloud chamber placed m a magnetic field. -V n 
aluminium sheet was employed to observe tlie direction of ejection 
and nature of the corpuscle emitted. Electron positron ratio us 
well ns tlie energy range of the positrons were determined, llie 
conclusion drawn from this study was that the main source of 
positron is tlie pair formation. A photograph of the electron 
positron pair has boon repro<lucod in the paper. 


(d) Comic rays and Positive ray$. 

The stud)’ of cosmic rays was initiated in this country by 
A. H. Compton when he came to Lahore as 
Cosmic rayi visiting professor ia 1920. Later on ho in- 
augurated a world wide $urvey of tlie intensity distribution of the 
cosmic raye, in which standardized instruments were given to 
observers in different parts of the earth. J. M. Benade * of Lahore 
measured the intensity at Ladhak, Lahore* Ceylon and Java. 
Another fruitful line of investigation is to measure the oast and west 
as 3 Tnmetry of the cosmic radiation at different latitudes and 
altitudes, from which conclusions can be drawn as to the nature 
and charge of the particles contained in the original cosmic ray 
beam. Further according to a calculation of Lemaitre an 
asymmetry in the north and south distribution of cosmic rays at 
dinerent zenith angles as a function of latitude and altitude is to 
be expected. R. Ghosh* has commenced investigations on these 
east and west and north -south asymmetries in Calcutta and 
Parjeebng. R. Ghosh baa also published some investigations 
(1936) on the intensity of production of showers by cosmic rays in 
different materials as a function of the thickness. 

It was noted by Kohlhbrster that at the period of maximum 
brightness of Nova Hercules during the middle of December, 1936, 
the intensity of cosmic radiation as measured by a O. M. Counter 
was increased appreciably. On the other hand a number of 
observers at different places and altitude using Stienke’s ionization 
recording apparatus could not detect any increase in the Intensity 
of cosmic radiation, during the period of activity of Nova Hercules. 


t H. P. De, Ind. Jour. Phy$.y 10, 2, 103-109, 1935. 
^ J. Benade, Phyt. Rev,, 42, 290, 1932. 
s R. Ohosh. Science and Culture, Feb., 1939. 
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Dr. A. K. Das * however reported from Cambridge Solar Physics 
Laboratory, results obtained by means of a continuously recording 
electrometer taken during the period February 14 to March 20, 
which indicated an increase in the intensity of cosmic rays during 
the hours when Nova Hercules was at its greatest altitude, in 
conformity with Kohl hors ter’s observation. 

B. Dasanacharya * has made an important contribution on 

Positive ra s light emission from the moving atoms of 

os t ve rays Hydrogen Canal rays and in this paper several 

important conclusions have been drawn. R. Ghosh ^ whilst working 
in Geiger’s Laboratory made systematic absorption measurements 
of the protons in different substances. 


IX. Spbctboscopy. 

Bohr’s theory of hydrogen spectrum (1913) opened out new 
fields of research in spectroscopy and scientists in India as in other 
countries became conscious of the importance of research in spectros- 
copy. The first Indian worker of note in this line was S. Datta 
who working In the laboratory of the Imperial College of Science 
under the guidance of Prof. A. Fowler, performed experiments 
with sodium and potassium vapours. He obtained a large number 
of lines in absorption, and determined the wave-lengths of aeries 
lines with great accuracy, and obtained accurate values of the series 
limit of these elements. Ho also obtained the Is-md, la-ms lines 
of potassium in absorption — a result of great theoretical value m 
atomic physics as these lines are forbidden according to the 
Bohr-Soramerfeld theory. Metcalfe and Venkatesachar^, working 
with mercury vapour in a specially designed tube in which normal 
Hg- atoms were electrically excited by a low discharge, obHined 
absorption lines due to Hg -atoms in an excited state. N. K. Sur 
and R. N. Ghosh • obtained similar absorption with potassium 
vapour by temperature excitation at 1400°C. At this time owing^ 
the publication of Catalan’s paper on classification of 
and the work of Sommerfeld and his school on the classification or 
complex spectra, a good deal of interest was excited in the spec- 
troscopy of complex elements. Indian workers were not slow to 
make their contributions. A. L. Narayan ’ in collaboration with 


A. K. Dm, ^'a^urt, 129, 136, 1935. 

B. DMftnacharys, Ann. d. Physik, 77. 597, 1925. 

R. Ghc^h, Titbinyen Diwrtadon, 1934. 

S. Datta, />r«. Sc«., 99. 89. »921 =«•>»• ^39. 1922. 

E. P. Metcalfe and B. Vcnkaleeachar. Proc. Roy. Soe.» 100, 14J, 

N. K. Sup and R. N. Ghoeh, PhU. A L 

? A. L. Narayan an<l D. Gunnayya. Phil. 45. 831, 19-3. A. . 

Narayan. D. Gunnayya and K. B. Roo, Pr^. Roy. Soc.. 106. 59^1924. 
A. L. Narayan and G. Subramanyam. Jnd. A^ooe. CuU. 6c*. r'roc., v, 
16, 1924. 
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D Gunnaya and K. R. Rao studied the absorption of potassium 
and thallium vapours and with G. Subramaityam .studied tho spec, 
trum of K-vapour made electrically luminiacent. After this there 
followed a series of papers * on the absorption spectra of olomonts : 
thalUum and Indium (K. R. Rao). lead and tin (Snr and SKarma). 
aluminium and cobalt (Sur and Majumdar), iron (Sur). Ni (Mapini- 
dar), lead, tin, bismuth and magnesium (Narayan and Rao), Ni 
(Narayan and Rao). 

After the publication of Hund*s theory of complex spectra, 
M. N. Saha* applied the idea for an interpretation of the spectrum 
of neon. He explained the nature of the combination and 
accounted for not only the fundamental levels but also the higher 
levels obtained by Paachen, Rydbeig sequence and the order of 
values obtained in each case. He also explained tlio origin of 
dashed terms and gave interpretation of such transitions and showed 
that they do not break the selection principle. Salia and Kichiu * 
summarized the properties of the spectra of metals belonging to 
group II of the periodic table and extended the irregular doublet 
law in the optical region even for spectra giving multiplct structure. 
Saha and K. Majumdar * instituted the method of horizontal 
comparison for the location of spectra, a method which proved 
helpful in locating the position of a particular transition while 
classifying the lines of a complicated spectrum. 

The following is, in brief, a list of classification of series spectra 
done by Indian workers* : — 


N. K.Sur 
P. K. Kichiu 
K. Majumdar 

K. Majumdar and S. 0. Deb 
G. R. Toshniwal . . 

D. K. Bbattacharyya 
S. C. Deb 

S. 0. Deb and A. K. Dutta 
S. C. Deb and M. Mobanti 


Pb I, Sn 1. 

Cu I, Si II, Kr II. 

Ag 11, Na II, 01 1. 

Cl III. 

Bi I. 

8 II. 

Br II, III, IV, V, Cl IV, Cl 
V, I (iodine) I. 

A II, Kr 11. 

Te n. 


> K. B. Rfto. Proc. Pky4. Soc., 37, 259, 1925. 

Sur and R. K. Sharma, Sci, Afn. MaharayaU ColUoe. 
Vutartagrafn, I, 121, 1924. ^ 

N. K. Sur and K. Majumdar, Phil. Mag., 1, 461, 1926. 

N, K. Sur. PAtV. Mag., 1, 433. 1926. 

K. Majumdar. ZtiU.f. Phytik, 39, 662, 1926. 

A. L. Naiayaa and K. R. Rao. Proc. PAy«. Soc., 38, 354. 1926. 

* M. N. Saha. PAi7. Mag., 4, 223, 1927. 

I “• S* KichJu, PAa. Mag., 4, 193. 1927. 

* M. N. Saha and K. Majumdar. Ind. Jovr, PAyr., 3, 67. 1928. 

T ^ j . reference* io original worit* up to 1930, *ee Goudamit and Bacher • 
io a/omte apeeira. For later work* consult Science AbetracU 
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I>. S. Jog 
D. G- Dhavle 
A. L. Narayan 

A. L. Narayan and K. B. Rao 
A. 8. Bao and A. L. Narayan 
X. B. Rao 


Rao, Narayan and Bao 
K. R. Rao and J. Badami 
K. R. Rao and Kriahnamurti 
S. G. Krishnamurtl 
8. L. Malukar 

Patbabbiramiab and A. 8. Rao 
J. S. Badami 

B. Venkat«sachar and T. S. 

Subbaraya 
D. P. Acharyya . . 

P. N. Kaiia 

A. S. Rao 

B. V. R. Rao 
Mela Ram 


CL 

P II, Sb 11. 

Pb II, Pb HI. 

Sn n. 

As III, Pb ni, Ti in. 

Sn in. As I, As U. Ill, IV, 
Sb III, Te rv, V, VI, Br 
V, VI, VII. 

Sn IV. 

Se IV, V, Se III. 

Sell. 

Tein. 

As I. 

As III, Ti III. 

O IV, Sb IV, V, 

Hg n. 

Kr IV. 

Oein. 

As I, Se m, As n. 

An II, Ag in, Cu III. 

K III, IV, V, VI, Ca IV, V. 


K. R. Rao and J. S. Badami ^ working with As in the Schumann 
region in an atmosphere of hydrogen observed a change in the 
intensity of hydrogen lines. They showed that the lines of hydrogen 
spectrum having the energy corresponding to the excitation potential 
of As are greatly enhanced in presence of As at a very low pressure. 
S. C. Beb ‘ was able to perform absorption experiments on I-atoms 
produced by thermal dissociation of I* and thus identify some 
of the resonance lines of I. Further, he was able to photograph 
the continuous spectrum of the iodine atom obtained as a result 
of recombination of a free electron with the once ionized iodine 
atom in an excited state. S. Dutta and P. C. Bose* found the 
•satellites of the third and the fourth members of the diffuse series 
in the spectrum of Rb and showed that the I) -levels are double as 


theoretically expected. 

The measurement of wave-lengths to serve as standard is of 
importance in spectroscopy. In this ooonection, mention may be 
made of the work at the laboratory of Prof. Ch. Fabry done by 
S. K. Mitra^ who made some stendard measurements of the arc 


lines of copper in the ultraviolet. 


1 

o 

3 

4 


i. B. Rao aad J. S. Badami. Fw. Foy. iSoe., 138, 640, 1S32. 
. C. Deb. Froc. Roy. Soc., 139, 380, 1933. 

. Datta and P. C. Bose, ZeUo.f. Phyoik, 97, 321. 1935. 

. K. Mitfcpa, AnnaUs de Physique, 19, 315, 1923. 
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works on hyperfine structure, now regarded as essential for work 
on Nuclear Physics, was built up. On his return to India Wall 
Mohammed* continued bis work at Lucknow and in coilaboration 
with Sbarma and Mathur he made measurements of some ot the 
lines in the arc spectra of bismuth, silver and zinc, tin and lead. 

Metcalfe and Venkatesachar * studied the selective abeorp- 
tion of the components of the green line of mercury and considered 
the possible isotopic origin of some of the satellites. 

Venkatesachar * made a similar study with blue line (AoOoo) 
of Cd I and found that the component +0*106 cm * showed stronger 
selective absorption than component 0*200 cm 

Venkatesachar and Sibaiya^ have examined the hyperfine 
structure of 10 lines in the arc spectrum of platinum and detorinined 
the isotopic constitution and nuclear spin of the clement. By an 
analysis of the Diicropbotograins. they also determined the relative 
abundance of the different isotopes. They have also made a similar 
study of the hfs of some of the significant arc lines of Ir and con- 
cluded that it consists of two isotopes 191 and 103 with a relative 
abundance of 1 : 2. $. K. Mukerjeo” has made similar mcasun*- 
ments of some of the spairk lines of arsenic. 

Badami * has measured the hyperfine structures of a series 
of Sb II lines excited in a vacuum are lamp and also of some 
ultraviolet arc lines of Sb. In the case of the former he bas tried 
to explain the structures by assuming a nuclear moment of 

1^72^ for the more abundant isotope Sb and nuclear moment 

7 H 

of 1 V ^ — for the isotope Sb***. His measurements have enabled 
him to extend and correct the series analysis of Sb II lines. 


Wali Mobammad'. vrorking in Gottingen 

out in 1912 some standard work on the hypertme 
structure of the arc lines of bismuth and other 
elements. His work showed that many bis- 
muth lines consist of a number of components 
separated by very small intervals. These works 
foundation on which the subsequent superstructure of 


Hyperfine 
Structure of 
Spectral Lines 


the 


I Wall Mohenunad, Diwerf. OdUingtn, 1912. 

* Wall Mohammad and 8. B. L. Mathur, PhU. Mac., 4, 112. 1927 : 
5, nil. 1928; 14. 270. 1932. 

Wall Mohammad and P. K. Shanua. PAi7. Afep.. 10, 916. 1930 ; 12, 
726. 1931; 12. 1106, 1931; 14, 977, 1932; 14. 1143, 1932; Ind. Jour. 
Phyt., 6, 75, 1931. 

a E. P. Metcalfe and B. Venkateaachar. Proc. Rov. See., 105. 520. 1924 • 
2, 101, 1935 : 2. 203. 1935. 

* B. Venkatesachar, Zeito.f. Phyeik, 75, 678, 1932. 

t B. Venkatesachar and L. Sibaiya, Jnd. Ass. Sci. Proe., 1, 955. 1935 • 
2. 101. 1935 ; 3, 203. 1936. . * . pq . 

^ S. K. Mukorjee, Ind. Jour, Phyt., 20. 218, 1937. 

* J. S. Badami. Zeiu.f. Physik, 79, 206, 1932 j 79, 224, 1932. 
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The byperfine structures of about 20 important As H lines in 
the region 6300 A to 4300 A bare been investigated by A. S. Bao 

3 A 

who found the nuclear spin of the element to be s • 

Z 2fr 

also found that the/ selection rule, the interval riJe and the intensity 
rule were generally valid. 

The work of Yenkatesachar * on the spectrum of mercury 
arc is interesting and worth noting. In one of his experiments, 
he studied the effect of altering the density of the vapour of the 
arc on the relative and absolute intensities of the lines radiated by 
it and found that lowering of the density increases the absolute 
intensity of all lines below msd and diminishes that ofall lines above 
n 2 s 6 , concluding thereby that inelastic collisions between 
excited atoms in lower energy levels and thermally eVicrgetic normal 
atoms form the chief source of radiation of the higher member of 
the scries. In another experiment, Yenkatesachar® studied the 
influence of the length of the radiating column on the width of 
spectral lines. 

X. Theoretical Physics. 

M. N. Sahn* published a paper on Maxwellian stresses In 
which it was .shown that the interpretation of certain Maxwellian 
Functions as representing stresses in medium (Aether) having the 
properties of an elastic solid is misleading and leads to confusion. 
M. N. Saha and S. N. Bose* later deduced a new equation of 
state. In a number of papers, M. N. Saha* applied the principle 
of special relativity to deduce the Lienard-Wiechert expre^ion for 
potential of a moving electron, and for deducing the Clausius Law 
of Kinetic Potential to express the interaction between two moving 
electrons. 

S, N. Bose ^ succeeded in deducing Planck’s Law of Black* 
body radiation by considering directly the statistics of an assembly 
of photons in a six -dimensional phase space according to a 
method which was later extended by Einstein to an assembly of 
material particles. It is well known that Bose’s work introduced 
a new method in quantum statistics which has received the name 
of Bose -Einstein Statistics, and was responsible for stimulating the 
work of Fermi and Dirac on the alternative statistics which apply 
to most elementary material particles (Fcrmi-Dirac Statistics). 


J A. S. Rao. Physik. 84, 236. 1933. 

2 u, Yenkatesachar, Proc. Poy. Soc., 117, II. 1027*28. 

3 B. Verikatcsachap, Phil, May,, 49 , 33 (1925). 
i M. N. Saha, Phif. May., 33, 256, 1917. 

0 M. X. Saha and S. K. Bosa, Phil. Mag.. 36. 199, 1918. 

•i M. X. Saha, Phil. Mqq., 36, 76. 1918 ; Phyt. Rw.. 13, 34, 1919; PhU. 

Physik, 27, 384. 1924; K. C. Kar, Phys. 2$-. 2A, 

300, 1927. 
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K. C. Kar and his co« workers R. C. Majuradar, A. GanguU and 
Mukherji* have shown that from Gibb’s system of statistical 
mechanics it is possible to deduce many old and new results, viz. 
Planck’s radiation formula with the help of Botlics quantum 
molecules; Statistics of Bose-Einstein and Formi-Dirac ; wave 
statistics with application to radioactivity ; formula for adsorption 
given by Langmuir and general results in colloid chemistry. 

M. N. Saha and R. K. Sur* applying Ehrenfest’s method of 
Phase Volume obtained a correction to Saha’s equation for a non- 
isothermal gas system. The same equation has also been obtained 
by Jaikishen ^ in a simpler way ; lie has also discussed the 
phenomena of annihilation and pair generations as a special case of 
dissociation. 

M- N. Saha and R. C. Majumdar* further modified the 
Gibbs-Ehrenfest’s method in which it was assumed that the pro- 
bability of realizing a state was proportional to the total ON 
dimensional phase space and obtained the statistics of Boso-Einstein 
and Fermi-Dirac in an oMchaulich way. S. Chandrasekhar*, 
D. S. Kothari and R. C. Majumdar* attempted to work out a 
second approsimation of Planck’s formula. Though under ordinary 
circumstances the correction is negligible » it may find important 
applications in the physics of metals at very low temperature when 
the lattice vibrations in electric field are not in exact tlicrmal 
equilibrium due to Feierrs Umklapp process. R. C. Majnmdar’ 
developed systematically a relativistic quantum statistics and 
deduced the formula for Energy, Pressure, Entropy, etc., of a non- 
degenerate as also of degenerate gas system ; the results being 
intensively used in astrophysics. D. S. Kothari* investigated 
the problem of Ddppler and Compton effects in a very general way 
fn>m the quantum theory of light and discussed their interrelations 
in an interesting way. In collaboration with B. N. Srivastava 
Kothari * discussed the Wiens Radiation Law and the pressure 
of light from the same view point. 

M. Bom and N. S. N. Nath gave an exposition of the 
Neutrino theory of Light — first proposed by de Broglie. Jordan and 
KrOnig. On the assumption that neutrinocs satisfy the Fermi- 


1 K. C. Kar and R. C. Majumdor, Z 9 .J. PAy«., 55. 546, 1929 j K. C. Kor 
and K. K. Mukhdpji, 2#,/. Phy., 59. 102. 1029 ; K. C. Kar, PhU. 21. 

1067, 1936 : K. C. Kar and A. Ganguli. Phy. 30. 918, 1929. 
i M. K. Saha and R. K. Sur, Phil. Mag.. 1. 281. 1926. 

< Jaikiehen, Ind. Jour. Phy., 10. 389. 1936. 

* M. N. Saha and R. C. Majumdor. Phil. Meg.. 9, 584, 1930. 
s S. Chandrasekhar, Phy$. Rev.. 34. 1205, 1929. 

< D. 8. Kothari and R. 0. Bfajumdar, Zt.J. Phy., 61. 638, 1930. 

^ R. C. Majumdor. Aitro. Noch, 242. 146. 1931. 

^ D. S. Kothari. PAil. Mag., 8, 66, 1929 ; Ind. Jour, Phye., 4. 676, 1930. 
» B. N. Srivsfitova and D, S. Kothari. Ind. Jour. Phya., 3, 493, 1929. 

Nagendronath, Ind. Acad. Sci., 3A, 318. 1936 ; Nagendranath, 
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Dirac statistics, it was shown that photons satisfy the Bose- 
Einstein statistics. The Planck formula was also deduced. 
Nagendranath further introduced the spin of the neutrino in 
order to obtain two photon operators for such energy state of 
pliotons and deriTed tlie Planck's formula : these two operators 
being connected with the polari2ation states of light. 

In the field of atomic physics. S C. Kar ^ suggested an alter* 
native form of quantum condition as against the one put forward 
by Bohr- Somme rfetd. Though bis results were identical with those 
of Somme rfe Id in the particular cases of linear oscillator, the rotator, 
and tlie ordinary Newtonian ellipse they were at variance with both 
for the relativistic elUpsee. Though the components of the Balmer 
lines of Hydrogen received no direct explanation in this theory, 
the behaviour of the Bj'dberg number could be regarded as some- 
what more satisfactory. Applying Sommerfeld's quantum condi- 
tion, S. N. Bose * studied the energy spectrum of an atomic 
model in which the field acting on the electron was due to the 
superposition of Coulombian field of attraction with that of a dipole. 
He was thus able to account for Rydberg sequence In a general way. 
K. Basu investigated the energy spectrum in a Bose model of atom 
as an tigtnwiTt problem of wave equation of Schrfidinger. K. Basu • 
also developed a mathematical method with the application of 
infinite determinants to calculate the tigtn values in general, and 
successfully applied it to calculate the higher order Stark effect 
in the Balmer lines of Hydrogen and also to study the perturbation 
effect in the energy of a diatomic molecule. S. K. Chakra vorti* 
calculated the tigtn value for a field under two centres of force and 
found a Ritz type formula. He further studied the fundamental 
frequencies of NF^ Bands from wave mechanics, the molecule being 
regarded as symmetrical top of pyramidal form having N at the 
apex and H at each centre of equatorial base. B. S. Ray 
studied by Matrix mechanics the de^ndcncc of tigen values of the 
moments of inertia of an usymroctrical rotator. Mention may be 
made of the works of P. Daa • on the polarization and intensity 
in the complex Zeeman effect. He also calculated the term valu^ 
and the heat of dissociation of the diatomic molecules LiH, BcH 
and 1 1 by a method due to Hylleras. , 

N. R. Sen^ employed the theory of Dirac and Darwin to 
study the splitting up of hydrogen lines in parallel and in crossed 


1 S. C. Kar, Phil. Mag., 45. 610, 1923. 

* S N. Boso. Phil. A/air*. 40. 619, 1920. „ ^ 

9 K. Basu. Phye., 63. 304. 1930 ; 64, 703, 1030; Bull. Cal. Math. 

SiM 26 79, 1934 ; Jnd. P/>y«. Math. Jour.,4, 1, 1933. 

S. K. Chakravorti, Jnd. Phys. Jdath. Jaur., 5, 25, 1936; ibtd., 6, 31, 


1935. 


s 

0 


B. S. Ray, Zs. f. Phtj$., 78. 74, 1932. 

V. Das, Ind. PhyA. Math. Jour., 3, 115, 1932 ; Ind. Jour. Phys., V, 


35 , 


1934. 


1 N. R. Sen. Zs.f, Phyo., 56. 673. 1929. 
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el«tric and mafifnetic fi«flds. When the are para llcl the result? 

are the same is those produced «iih the »/M t^rm <A '•juantum 
mechanics. For • rossfield the result U oompUoate«i. and a dia^am 
has been proposed showing the manner in whi^'h the hydrogen Imea 
are split up. The effect of non -homogeneous eleetri*' liel«i on the 
fine structure of hydfosendike atoms has been infect igateil 
the roughly bv S. Gupta' from the two component wavr e«(uatlon.4 
given br* Darwin. He finds that though all the tine structure 
levels except the lowest one split up Into several comp«.»nent.s. 
in. practice only a broadening of the line is to be expected, the 
separation beine extremelv small to be resolved. M. N. Saha and 
A. C. Banerjee * used DLrac s theory in the form developed by 
Darwin and Weyl to calculate the transition probabilities of the fine 
structure components of series lines of hydrogen and ionized helium. 
The Omstein-Bureer-Sommerfeld rule for the relative intensities of 
the component?* of a multiplet was deduced as a result of this work. 

^me interesting investigations have also been carried out 
regarding the physical properties of the 4-matrices occurring in the 
relativistic wave equation for electron put forward by Dirac. 
X. R. Sen^ extended Schrodinger's interpretation of the Dirac 
matrices cl, and x, to The Matrix ^ U investigated in 
detail and a geometrical interpretation is given. It was shown 
that it does not represent an independent idea or property, but can 
be described in terms of various field vector?. The impulse and the 
energy equation for the motion of an electron with relativity correc- 
tion have been deduced by X. R. Sen from Dirac's eqnation ; the 
expression for the Lorentz force was also obtained. Following 
Sen. S. Gupta ^ deduced the equations for impulse moment* and 
virial from Dirac's four equation system. It was found that the 
classical expressions for impulse moment most be completed by a 
term which corresponds to the spin of the electron. Gupta 
then examined these two equations to see how far the correspon- 
dence with Frenkers electron having electric and magnetic moments 
can be maintained. It was found that Dirac's electron in general 
yields some more extra terms which cannot be easily expressed in 
terms of classical quantities and when under stzitable conditions 
these vanish a virial equation of exactly the form given by Frenkel 
is obtained. In an interesting paper. Gupta ^ further deduced 
the mathematical analogy between the free electron and electro- 
magnetic waves from a consideration of the operators themselves in 
Sefarodinger's calculus of operators relating to a-matrices. K. C. 


' 8. Gupta, Za.f, 66. 246. IS30. 

* M. S. Saha and A. C. Banerjee, Z^.f. 6S, 704. 1031. 

J S. Gupta, g#./. Phy9^ 68. 573. 1931 ; /r»d. Pk^. Slclh. 3, 105 103 ' 
» S. Gupta. Z#./. PAya., 82, 408. 1933. 


720 


PROGRESS OF SCIENCE IN INDIA. 


Kar ' showed how the fine structure formula, for hydrogen lines, 
i<leDtical with that as obtained from Dirac's relativistic equation, 
can be deduced from Schrodinger equation when the Thomas 
correction is introduced in it. S. C. Kar * developed a simple 
group theory method of calculating the valency states of an atom 
using Slater's method of introducing the spin faction. 

In the domain of modem metal physics, R. C. Majumdar* 
examined the conductivities of metals and semi-conductors from a 
unitary mathematical point of view both for deformable and rigid 
ionic models of Bloch and Nordbeim and found that they give almost 
Identical results. He also proposed a model of liquid metal in 
which it is assumed that in the liquid state, because of the high 
temperature, the regular distribution of the ions in the form of the 
lattice is destroyed and the whole system behaves like a gas mixture 
of electrons and ions distributed at random. The expressions for 
conductivities, Thomson co- efficient, optical constants, etc., have 
been worked out and the results are in fairly good agreement with 
the observations. N. K. Saha* studied the change of resistance 
of metal due to pressure both for high and low temperatures. M. Sen 
(Jupta^ worked out in detail the change of resistance of semi* 
conductors in magnetic field under the assumption of Lorentz 
force acting on the metal electron and shows that quantitative 
Agreement with the experiments, as claimed by Harding, cannot be 
taken as accepted in general. D. V. Gogatc and Duleh Singh 
Kothari * calculated the surface tension of liquid metals on the 
free electron model of Sommerfeld, whereas D. S. Kothari and 
R. C. Majumdar’ worked out the compressibility of alkali 
metals, and N. K. Saha and D. S. Kothari® the latent heat of 
fusion of metals on this model. Mention may be further made of 
works of S, C. Roy® on the theory of thermo-ionic emission 
phenomena of Dushman and Richardson. 

In the field of radioactivity the following works may be 
mentioned . The question of disintegration of radioactive aubatan^ 
wa.s worked out by 8. Gupta according to Dirac's relativistic 
wave equations, using the method of Laue and Seil. It appears 
that using the relativistic calculation the disintegration constant 
is greater than that obtained from Schrodinger equations and this 
increase is somewhat greater for small velocities than for large 
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V. Gogate and Duleh Singh Kothari, Phil, il/ag., 20. 1136. . 
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ones. In »n interesting paper A. C. l^norjee > examined the 
meebwiism of a-ray emission spectrum. He aasuines thereby that 
the «.ray emission is due to change in energy level of an a particle 
or any charged positive particle describing quantum orbits m the 
nucleus in a potential field given by 

F = . ro-lO "cm. 

i.e., the nuclear radius. Solving the Schrodinger equation with 
this potential field he found two cases: (1) leading to negative 
energy levels, transition between which would correspond to rays 
600 times harder than the K-spectrum of the element and is there- 
fore only comparable with the cosmic rays. Tliis is, therefore, 
incapable of explaining ordinary oi*ray emission, and (2) leading 
to positive a -particle energies, in general agreement with oxpori- 
mental values observed in radioactive emission and such that tlic 
difference between the energy levels corresponds to a-rays of the 
right order of hardness. The theory was applied to the yray 
spectrum of radium B, radium C, thorium C+C' etc., nuclear 
quantum number being chosen to fit the observed y-ray froquencies. 
Banerjee also attempted to work out the problem of scattering of 
«• part ides by light atoms in a field similar to that suggested by 
Debye and Hardmeyer ; numerical calculations wore also given for 
A1 and Mg. K. K. Mukherjee * introduced a correction term in the 
potential used by these authors due to the fact that the oc*particle 
cannot approach the centre of the scattering force, whereas 
M. Ghose’ extends this idea to the scattering oi electrons by the 
atoms. 

Mention may be made in this connection of the work of M. Gbose 
and K. C. Kar * who extended the theory of Bom approxima- 
tions, which are extensively employed in the problem of scattering 
pbenoniena» and obtained exactly the expression of Holtsmark for 
elastic scattering. It may also be mentioned that H. J. Bhabha^ 
investigated the r61e played by showers in the absorption of 
cosmic radiation and from a comparison with the experimental 
data he calculated the effective cross-section for the produotion of 
showers at a lead nucleus. 

Heferenco may be made to some of the interesting works 
carried out by H. J. Bhabha^ on the passage of charged par- 
ticles with a velocity approximately equal to that of light through 


* A. C. Banerjee, Phil. Mag., 9, 373, 1930 : 10. 450, 1930. 

^ K. K. Mukberjee. Phyt. Zt., 34, 175. 1933. 

I JI. Glwse, Phil. Mag.. 20. 334. 1935. 

♦ M. Ghose and K. C, Kar, Phil. Mag. 

\ H. J. BhabU. Ze./. Phya.. 84, 120. 1933. 

« H. J. Bhabha, Proc. Roy, Soe., A, 152, 559, 1935 ; tttd.. 154, 195, 1030 ; 
OomS. Phil. See. Proe., 31. 394, 1935. 
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matter. Bhabha investigated in detail the creation of electron 
pairs by fast charged particles. The creation of electron pairs in 
the collision of particles moving with relative velocity very near the 
velocity of light was calculated ; the effect of screening being con- 
sidered. He found that the effective cross -section for the pair 
creation by fast proton in lead is more than a tliousand times larger 
than the cross-section for pair production by slow protons calculated 
by Heitler and Nordheim. For the collision of electron of 10® 
e.V. with a lead nucleus, the croes-section is of the order of 
10'^^ cm.® and is about that of the cross-section for the creation of a 
pair by a -ray of the same energy. Bhabha further considered the 
ordinary collision of an electron with a positron, and the consequent 
scattering is studied on the Dirac's theory of the positron. It was 
shown that exchange may take place between the electron we 
initially observe, and one of the virtual electrons in states of negative 
energy and that this exchange very considerably modifies the scat- 
tering. Recently Bhabha and Heitler^ suggested a new mechanism 
of shower production assuming that the incident radiation is 
electron. They calculated from relativistic quantum mechanics 
the number of secondary positive and negative electrons produced 
by a fast primary electron with energy passing through a 
matter of thickness I. The primary electron in the field of a 
nucleus has a large probability of emitting a hard light quantum 
which then creates a pair. The pair electrons emit a quantum again 
which creates pair and so on. The number of secondaries increase 
rapidly with E(^, If an electron of 10® e- volts pass through a lead 
plate 5 cm. thickness the number of particles emerging from the 
plate amounts to 1,000 or more. Rosse's transition curve and 
Regener's absorption curve in the atmosphere can be understood. 
The absorption coefficient of radiation found at a depth of 100 m. 
of water cannot be understood on this theory if the radiation is 
due to primary electron. 

S. M. Sulaiman * has, in order to explain both the wave and the 
particle aspects of light, recently (1934-6) put forward the theory 
that a light corpuscle is a binaiy system of two components of equal 
and opposite charges rotating round each other. Applying Maxwell s 
equations he has shown that such a system is propagated automati- 
rully with th© velocity of light, and has also given physical explana- 
tion of light phenomena. 

In a paper on the origin of mass in the neutron and the proton, 
M. N. Saha® has given a very simple proof of the existence 
of free magnetic poles, first deduced by Dirac. He has tried to 
prove that the neutron can be regarded as a dipole consisting ot 
two magnetic poles of opposite sign. 


1 H. J. Bhabha and Heitler. Proc. RS. (A). 159, 432, 1937. 

2 S. M. Sulaiman. Proc. U.P. Acad., 4. 1, 1934 ; thid., 4, 217. 1934. 
i M. N. Saha, Ind. Jour. Phyo., 10, 141. 193S. 
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R C. Majumdar' uttackotl the case of motion of olcctrons in 
the ionosphere from the quantum mochanioal point of view, which, 
according to him, is necessary as the collision ih U'twcon cicctrona 
on one hand, and ions and neutral particles on the other hand. 
He deduced, in a rigorous way, the equation of wave propagation in 
a homogeneous, isothenna) atmosphere. In the partieiiinr ('use 
when the collision frequency is taken to be independent of the 
energy of the electron, the equations arc found to he identical 
with those given by Appleton. He showed that, providcti meu-«'Mrc- 
ments of absorption of radio waves in the ionosphere arc available, 
one can distinguish whether collisions which take place are between 
electrons and ions, or between electrons and neutral particles. 

XI. WlSSLBSS Researcb. 

(o) Propagation of Padio IVafca. 

Researches on the Ionosphere were started by Prof. S. K. Mitrn * 
in the University College of Science, Calcutta, in 1928. Along 
with his pupils, H. Rakshit. P. Syam and J. N. Bhar, he carried 
out a large amount of valuable measurements of the height and 
density of the various layers of the ionosphere, upper and lower, 
and also studied their diurnal and seasonal variations. The Calcutta 
workers have also studied the influence of solar eclipse, meteoric 
showers, thunderstorms, and magnetic storms on the ionosphere. 

H. Rakshit * participated in the programme of the Second 
International Polar Year (1932-33) and carried out systematically 
measurements of the equivalent heights of the ionospheric regions 
by the echo method. The observations were carried for difTcrent 
months of the year, and at various hours of the day, and thus 
the first indications of the nature of the diurnal and seasonal 
variation of the ionosphere of a subtropical region like that of 
India were obtained. 

Recent meteoric observations by J. N. Bbar * have provided 
data for estimating the upper limit of the pressure existing at a 
height of about 250 km. 

S. K. Mitra^ and his pupils, A. C. Ghosh and B. C. Sil along 
with S. S. Banerjee of Benares, have also studied what may be 
termed the artificial ionosphere — a chamber containing ionised air 
under the influence of an external magnetic field. The splitting of 
electro -magnetic waves when propagated through an ionised medium 
has been clearly demonstrated by these laboratory experimente. A 
number of experimental anomalies regarding the variation of 

1 R. C, Majumdar, /ndian Scitnee Congress, Jdath. Phyt. StcHon. Al» 

shortly). Trantaaim Bow RatareK 

* S. K. Mitfa, Proc. Nat, InM. Sci., I, 130, 1935. 

» H. Rakshit, Mag., 13, 676, 1934. 

♦ J. N. Bhar, Ind. Jour. Phyo.^ IK, 109, 1937. 

^ S. S. Mitm, Nature, 123, 769. 1929. 
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dielectric constant with frequency has also been recently cleared up 
by S. S. Banerjee *. 

Tbe most conspicuous contribution from Prof. Mitra’s * 
laboratory has been the discovery of the D and C layers of ioniza- 
tion, lower than the permanent Kennel ly-Heaviside layer, at 
heights of 65 and 30 kra. respectively. This discovery was first 
announced in a meeting of tbe National Institute of Sciences of 
India, in August 1935, and. though first received with a certain 
amount of scepticism by the western investigators, has been com- 
pletely confirmed by the subsequent work of Colwell and his pupils 
in America and Watson Watt and his collaborators in England. 
The discovery is of a very fundamental nature as it is not expected 
on tlie present theories, and shows the necessity of attacking the 
problem of ionization and absorption in the atmosphere from a new 
standpoint^. 

^ince 1934, the study of ionosphere was carried out at Allahabad 
under the guidance of Prof. M. N. Saha by Dr. G. R. Toshniwal 
and his colleagues B. D. Pant, R. R. Bajpaj, R. N. Rai and K. B. 
Mathur. They have collected valuable data regarding the diurnal 
and seasonal variation of the heights and electron densities of the 
various ionised strata. An important contribution from the 
Allahabad Laboratory is the discovery of the threefold splitting of 
the radio-waves by G. R. ToshniwaP who obtained records of 
reflection of the a:* wave satisfying the condition Pq* 

His interpretation has been confirmed recently by Leiv Harang 
working at Tromso and R. Jouaust and his co-workers in France. 
Toahuiwal has put forward a new explanation of the absorption of 
radio waves which has, however, bwn contested by J. N. Bhar . 
Toshniwal, Pant and Bajpai* have also suggested an explanation 
for the origin of complex echoes. 

R. N. Rai ^ has found an additional condition for reflection 
of the ^-wavc proceeding from the assumption that reflection takes 
place when group velocity becomes zero. Exactly the same 
liave been obtained theoretically by R. R- Bajpai® in a straigbt- 
forward manner proceeding from altogether different conditions. 


1 S. S. Banerjee. Paper No, 42. Maihemaliee and Phyiice eeciion, Jndutn 

Science Cangrese, 19Z4. 

* S. K. Mitre and P. Syam. Nature, 135, 953. 1W5. 

8 The workers on the Ionosphere are grateful to Prof. MJtro for t 
compilation of a report entitled ‘ Present state of our knowledge of 
Ionosphere’ published by the National Institute of Sciences 
compresses, within a smaU volume, a Urge amount of useful matena! scattered 

in litoreture. . 

4 G. R. Toshniwal, Nature, 135. 471, 1935. 

t J. N. Bhar, Science and CuUure, Nov. 1936. . r ^ % 

t G. R. Toshniwal, B. D. Pant and R. R. Bajpai. Proc. Nat. Ins. 5ci., 3. 

337 1937. 

R. N. Rai. Proc. Nat. Ins. Sci., 3, 307, 1937. 
e R. R. Bajpai. Nat. Acad. Sei. India, S, 1937. 
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This new condition of reflection has cleared up the very notable and 
ouMlinff experimental result obtained a ft-w months before by 
Pant and Bajpai' that the difference in the critical penetration 
frequencies for the ordinary and the extraordinary rays was on 
many occasions observed to be only o-U Mc/Sci*. at Allahabad 
(when the electron concentration in the F-region w.as such tliat the 
critical penetration fre^uencv was nearly 4 Mc/Sec.) while according 
to the older theories (Appleton -Ha rrrec) this difference should 
have been about 0-74 Mc/Sec. a result which was also observed 
at times bv the above workers. Bajpai and Mathur * have 
drawn group- velocity curves for different frequency and electron* 
concentration. 

M. N. Saha and R. N. Bai* have worked out mathemati- 
cally the reflection of the o-component of the radio wave by thin» 
but highlv concentrated electron barriers, as for example, we get 
in the abnormal F-region reflexion, in df -reflexion, and iu partial 
reflexion of the z-wave according to the three modes. They have 

proved that even when the condition p* 




m 


is fulfilled, waves 


can penetrate considerable thickness, about 3 km. of electron layer. 

It is well known that a general explanation of the upper air 
ionization by the ultraviolet rays of the sun was given by Pannekoek 
by using a mo<iified form of the Saha ionization formula. This 
work was further extended by Chapman. Siiha * has considered 
the action of ultraviolet sunlight on the constituents of the Upper 
Atmosphere in detail, and has shown that the Pa njiekock- Chapman 
method is not capiible of explaining the observed intensity of 
the negative bands of nitrogen in tlie morning and evening 
flashes, and the intensification of these bands in the sunlit aurora, 
if we regard that the sun radiates like a blackbody at 0,000 K. 
He has suggested that in the ultraviolet region, the fundamental 
lines of H. He and other elements are emitted as emission lines with 
an intensity which may be about million times the intensity of the 
6.000 K- blackbody background. 

L. C. Verman. S. T- Char *. and Aijaz Mobammad, at Bangalore, 
obtained continuous records of the equivalent height and the 
intensity of the received pulses some four years ago. It is unfor* 
txmate that this work has come to a standstill. 

Khastgir • and his pupils, B. Sen Gupta and I>. N. Choudhuiy 
at Dacca, have measured the height of the ionosphere by the method 
of signal fading. 


' B, D. Pant and R. R. Bajpai, S<i<nc4 and Cuiiurt, 2. 409, 1937, 
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Some ionospheric measuremente were made at Benares by 
P. K. Dutt and S. S. Banerjee'. 

Signal strength measurements of the local transmitter have 
been made by H. Rakshit and K. K. Roy* at 
Signal strength Calcutta working in Prof. Mjtra*s laboratory. 
ab8orpti^^**a*^ measurements many important data 

determination of eflFectlve height, aerial radiation and 

electric con- efficiency and service area of the Calcutta trans- 
scants of thesoil. mitter have been obtained. The conductivity 

of the soil at various places has also been 
deduced from these data. Signal strength measurements have 
also been made by K. Srinivasa n* at Bangalore. At Dacca, 
Khastgir * and his pupils have anal^'zed a large number of conti- 
nuous ob.servations of ‘fading* of the Calcutta V.U.C. signal. 
From this analysis they have been able to estimate the value of the 
ratio of the vertical electric forces produced by the ground wave 
and the downcoming wave. Khastgir^ has also stu<lied the ground 
absorption of wireless waves and in connection with his work on 
absorption, he, in collaboration with B. Sen Gupta, has determined 
the electrical constants of the Dacca soil at radio frequencies. 


(6) Atmospktries. 

In India the study of atmospherics was first taken up by S. N. 
Subba Rao * at the Annamalai University. His work shows that, 
in addition to * line * structure, lightning flashes have also got a 
‘ gross ’ structure. He has suggested that possibly the complex 
nature of the electric discharge— each group consisting of several 
separate strokes — accounts for the divergence in the observations 
of lightning hashes reported by various investigators. 

Important work concerning the study of the wave forms of 
atmospherics has been done at Madras by C. V. Raj am The chief 
points of bis study are classification, frequency of occurrence, dura- 
tions, intensities, diurnal variation and the production of noises in 
receivers. 

(e) Oerural. 

Khastgir and A. K. Das Gupta ^ have carried out a number of 
experiments on crystal rectification and have made a detaUed study 
of the effect of heat, ultraviolet light and X-rays on crystal rectifica- 


I S. S. Banerjee and B. N. Singh. Nature, 137, 583. 193$. 
i H. Rakshit, Phii. Mag., II. 174, 1931. 

( K. SHtiivasan, Wirelees Eng., 5, 205 and 275. 1928. 

» S. R. Khastgir and B. San Gupta, Ind. Jour. Pkye., 10, 133. 1936. 
' B. Son Gupta and S. R. Khastgir, Phil. Mag., 22, 265, 193$. 

S. K. Subba Rao. Nature. 136, 683. 1935. 

7 C. V. Rajam. Nature. 138, 1064. 1936. 

^ S. K. Khoatgir and A. K. Daa Gupta, PAU. Mag., 19, 557, 1935. 
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tion Kbastgir* has also propounded a new theory of crystal 
rectification kno\7n as the ‘ surface theory of rectification m ionic 
crystals’. Ho claims that his theory explains certain results 
obUined in his laboratory which defy explanation on the basis ot 
the existing theories of Eccles and Schottky. ^ 

A very important contribution to tho radiation resistance oi 
transmission lines from ultra high frequency as affected by bonds 
and curves has been made by S. S. Banerjee * <»f Benares working 
in the laboratory of Prof. S. K. ftlitra. Banerjee found that m 
order that such bonds may not be sources of spurious radiation, the 
transmission lines (parallel wire) must not have any folds in tho 

plane of the wires. ,, , 

S. S. Banerjee and B. N. Singh • have employed short paraUel 
wire transmission lines for the modulation of ultra-short waves of 
lengths 4.5 metres by high frequencies of tho order of 1*5-3 mega- 
cycles per second. It has been shown that amplitude modulation 
free from frequency modulation is obtained when the length of tho 
lino is an integral multiple of a quarter of the carrier wavelength. 
The effects of the carrier wave and side bands, adequately separated 
have been studied with a modified Lecher wire system. 


(d) of <x Radio Rucarch Board in India, 

The type of researches on Radio and Ionosphere which are 
being carried on in India by a few bands of enthusiastic workers is 
conducted in other countries under the auspices of some central 
organized body. On account of the national importance of these 
subjects most of the countries have formed organizations known as 
Radio Research Boards. The function of these bodies is to co- 
ordinate the works carried out in the universities, in the various 
research institutions and in the government departments and also 
to make a planned attack on the unsolved problems. England. 
Australia. Canada, Japan and the United States of America all 
have Radio Research Boards or bodies similar to it. Unfor- 
tunately, the Government of India has not yet been persuaded to 
the advisability of setting up such a board. 

XJI. X-Rays. 

The earliest worker on X-rays in India is Prof. C. V. Raman 
who started it as a side issue of his work on the diffraction of light 
by matter ; he was led to believe that systematic study of diffraction 
effects observed with ordinary light and with X-rays would result 
in signifioafit advances io our knowledge of the phenomena. His 

» S. R. Khaatgir. Ind. Jour. PAy#., 9. 347. 1935. 

* S. S. Banerj®®. Mag., 19, 7S7, 1935. 

s S. S. Banerjee and B. N. Siogb, Nature^ 136. 890. 1936. 

* C. V. Raman, Phil. Mag., 45, 118, 1923. 
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attention was first drawn to the haloes or rings which are obtained 
as a result of the diffraction of X-rays through liquids. Raman 
and Ramanatban ^ attempted to explain the origin of these 
rings on the supposition that the arrangement of molecules in liquids 
is not in perfect chaos, but possesses certain amount of orderliness. 
They applied Einstein -Smoluchowski’s theory of density fluctua- 
tions to this interesting problem, and deduced a theory which fairly 
accounts for the principal diffraction haloes. Experimental studies 
in this direction were made by C. M. Sogani * who examined 
several liquids with reference to their molar arrangement, and for 
finding out the effect of compressibility of liquids on X-rays haloes. 
Ramsubramanyam and V. I. Vaidyanatban * studied the effect 
of high temperature on X-ray haloes in liquids and amorphous 
solidr< and the results obtained by them could be quantitatively 
understood from Raman and Kamanatban*s theory. 

P. Krishna murty * carried out extensive investigations with a 
large number of organic liquids, liquid mixtures, and solutions of 
crystalloids. He extended his investigations not only to various 
forma of amorphous carbon, colloidal solutions of dextrin, gelatin, 
sodium oleate, etc. but also to aqueous solutions of liquids, such 
as phenol, tri methyl carbonol, piperidine, glycerine, ethyl alcohol, 
lactic acid, etc. The results of his investigations could now be 
easily correlated and understood from the cybotactics hypothesis 
of Stewart. Mahadevan ^ also examined the important varieties of 
CO a), vi train and deurain. Interesting results were also obtained 
by P. Mukherji^ on the internal scattering of various forms of 
carbon, placed under different conditions. K. Banerji ^ also studied 
the X-rays diffraction in the liquid alloys of sodium and potassium. 

The discrepancy observed from the measurements of magnetic 
susceptibilities of naphthalene and anthracene against the structure 
tentatively assumed by Sir William Bragg led K. Banerji ® to 
re- investigate the atomic arrangements in the crystal of these 
two substances. He found that the molecules are inclined to the 
cell faces, the correct position being obtained by first placing them 
along the 6c plane and then by two successive rotations about the 
6 and c axes. The rotations about the 6- axis for the two molecules 
In the unit cell are equal and opposite while about c they are in 
the same direction in conformity with the space group (7*.,*. All the 

l C. V. Ranmn and K, R. Ramanatban, Proe. Ind. AsfOC. Cult. Sci., 8, 
127, 1923. 

t C. M. Sogaiil, Ind. Jour. Phy9.t 2, 97, 377, 1928. 

S Ramflubramanyam, Ind. Jour. Phys.^ 3, 137, 1928 j V. Vaidyanatban, 
Ind. Jour. Phys., 3, 931, 1929. _ 

4 p. Krishna murti, Ind. Jour. Phyo., 3, 307, 1920 ; 4, 09, 1029 ; 5, 473, 
1930. 

^ Mahadevan, ind. Jour, Phyt.. 5, 525, 1930. 

^ P. Mukhorji, ZtilM.f. 88, 247. 1934. 

t K. Banerji, Ind. Jour. Pkyo., 3, 399, 1929 ; 4, 541, 1930. 

5 K. liunerji, Proc. Roy. Soe., 141, 188, 1933. 
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benzene rings in the same molecule are in the suxn.o plane and tlie 

rincs are practically regular hexagons. 

K Banerji and his students' at Dacca analyzed a large 
number of organic crystals such as paradinitro-benzcno. bcnzamjde, 
acenaphthene, benzil. hydrazobenzene, bcnzoplienonc and com- 
pleted^ the determination of the structures of these impounds. 
Assuming the structure of the benzene nucleus to reniain intact m 
these molecules, they have been able to draw definite conclus on 
regarding the structure of these molecules. J. Dhur has also 
made a systematic study of the structure of diphenyl, dibenzyl 
and p-dihalogen derivatives of diphenyl. He has shown that n> 
dipbenvl, the benzene ring is a flat regular hexagon and the diphenyl 
molecule strictly conforms to linearly extended stnicture with two 
CO planar benzene rings. Prof. Mata Prasad * and his students at 
Bombay (Royal CoUege of Science) have analysed a largo number 
of crystals, the analysis being complete in some cases and in other 
cases leading only to the determination of space groups. Complete 
analysis has been made of the crystals of azobenzene, stilbeno and 
totane and the space groups of the crystals of copper formate, 
acenaphthene. hydrazobenzene, w*azotoluene and p«azotolueno 
liave been deterinined and the sjTnmelry of the molecules has been 
found. Similar analysis made by them in the case of p-nitro 
biphenyl, p-araino azobenzene, anthranilie acid, diphenyl nitro- 
samine and o-azotoluene has led to the conclusion that these 
molecules are asymmetric. Prof. K. Prasad* and his students at 
Patna have set up an X-ray laboratory, where invest igotions on 
X-ray spectrography, soft X-rays and crystal structure are being 
carried on. Their works cover a wide field of problems, such as 
examination of fish scales and tortoise shell, investigation of 
X-ray haloes of primary and isomeric alcohol (rom methyl to amyl, 
X-ray and photographic reversal, etc. In the field of X-ray spectre - 
grapby, they have investigated the effects of Intense cooling on the 
intensity of the L- lines emitted by copper and iron. Mass 
absorption coefficient of aluminium has been measured by them 
in the region of soft X-rays from 7A to 25A. 

K. C. Majumdar^ at Duane’s laboratory in the Harvard 
University carried on investigations in the K series spectra of 
Tungsten, on the absorption of short X-rays by lithium. Khastgtr 


i K. Banerji, Phii. Mag., IS, 1004. 1034 ; Jnd. Jw. Phy9., 9. 2S7, 
1935; 11, 21, 1937. 

^ J. Dhar, Ind. Jour. Phy$., 7, 43. 1933 ; 9. 1. 1934. 

» Mala Prasad, Phil. Mag., 10. SOS. 1930 : 13. 600. 1932 ; 16. 630. 1033 ; 
Ind. Jour. Phyo., 6, 41, 1931 ; 8, 77. 1933 ; 9. 239, 310, 1935; Pn>c. Roy, Soc., 
154. 187, 1936. ' 

* K. Prasad, Ind. Jour. Phyt., 10, 267, 1936 ; ZeiU. /. Phys., 102. 259, 
1936 ; PkU. Mag., 21, $69. 1936. 

^ K. C. Majumdar. Proc. Nol. "Acad, Set,, 8, 45. 1922 : ZeUa, f. Phys,, 
46, 449, 1927. J if > 
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and Sen Gupta ' were for long devoted to the J-radiation of 
Barkla. Dasannacharya^ made some interesting experimental 
observations on the polarization of X-rays emitted fi^m thin 
aluminium anticathodes and also on the polarization of the 
continuous X-rays from single electron impacts. He showed that 
percentage of polarization increases exponentially with the decrease 
in thickness of the target and from extrapolation he concluded that 
complete polarization could be obtained for all voltages when the 
thickness of the aluminium target is 6 x 10 ^ cm. G. B. Deodhar 
(at Siegbahn’s laboratory at Uppsala, Sweden) performed some 
experiments ’ on the fine structure of the K -absorption limit of 
silicon oxide and carried on investigations on the X-ray non* 
<liagTam lines both for K and L series and attempted to explain the 
origin of most of these lines on the assumption that they arise from 
transitions in multi ply -ionised atoms. He has further shown that 
pairs exist in non -diagram lines, which show approximately con- 
stant frequency difrcrence. 

B. B. Ray * (at Siegbahn's Laboratory, Uppsala) has made some 
interesting studies on the irregularity of the K doublets in the 
eleruents of the lower atomic number. His extended investiga- 
tion on the irregularity of the L-doublets for a large number of 
elements, led him to conclude that irregularities are only peculiar to 
transitional elenients. He further observed that not only does the 
doublet difference in the lower element depend on the chemical 
state of the compound but also in the case of sulphur, the wave- 
lengths of the K lines change with different chemical constitution. 
Ray also made some observations on the identity of some of the 
lines in the L series of Tungsten by photographic method, He Is one 
of those who suggested the possibility of the double transition in 
X-rays and from the analogy with the optical spectra be attempted to 
explain the origin of the spark lines in X-rays. Ray ® has measured 
the K -absorption limit of elements from 37 Rb to 50 Sn and ironi 
the measurements of the secondary absorption edges in the L senes 
of caesium and barium, he has dra.m attention to the fact that 
Kr6nig*8 theory is not sufScient to explain the peculiarities ot 
these edges and Siegbahn’s contention for the selection principle 
for absorption edges may solve the difficulty. Raman has 


1 S. Khastgir and Seogupta. Phil. Mag.. 49. 251, 1935 ; 50, 1115, 1925 , 
2. 642. 1926 ; 4, 736, 1927 ; 14, 99, 1932. 

* n. Dasoniiacharya. Phy. Bev., 36. 1675, 1930. 

8 G. B. Drodhar, Proc. Pay. Soc.» 131, 476. 1931. iftoi?. 

4 B. B. Ray. Phil. Mag.. 48. 707. 1924 ; 49, 168. 92a ; 60. 50a. 92a . 
8. 772, 1929; ZdU. f. Phys.. 53. 646, 1929; 54, 534. 1929; 

Jnd. Jour. Phy^.. 3, 477, 1029; Arkiv f. .Wa/. Aslrom., oeh Fynk. IS, 19. 

B. B. Kay. Zeiu. J. Ph.j».. 88, 218, 1934; Arkiv J. Mat. Arlrom., 

ock 3 . 357. 1929 ; />rac. Bay. Sac.. 119. 
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calculated the intensity of X-raya scattered by a Kroup of electroi^ 
moving independently of each other about atomic ■'"‘’I®’ « 
derivS a theoretical expression from classical mechnmes. which 
contains both the coherent and incoherent rndiatioii and the latter 
can be interpreted as arising from the Compton effec t. 

M N. Sal)a and R. K. Sharma ‘ have shown that the 
screening constant for the K and Mcvels varies from element to 
element and foreshadowed an empirical method for calculating tliem. 
They have shown that Sommerfeld’s method of calculating the 
screening constants is not quite logical. Saha and J. R. Mukherjee - 
have calculated the probability of in ter- transit ion in the L-aholla 
and have suggested that the non-appearance of these inter. tra ns i- 
tional lines in many elements might be just due to the fact that 
the energy of the inter- transition is just greater than some of the 
outer M-sbells and so they are internally absorbed. Ck)ster and 
Kronig » have further extended the suggestion. 

B. Ray^ at one time believed to have observed radiationa 
modified by the scattering of X-rays by bound electrons but his work 
was not generally supported by other investigators. But recently 
Sommerfeld has shown the possibility of the existence such 
modified radiation purely from theoretical consideration. H. Dcy^ 
has made observations on the partial polarization of continu- 
ous X-rays emitted from thin aluminium anticathodo by counting 
the photoelectrons emitted in different directions using a Wilson 
Cloud Chamber and the results are fairly in accord with those 
observed by Duane and others, who studied the same phenomena 
by other methods. 

S. Ramachandra Rao • measured the critical potential 
in the soft X-ray region from single crystal face of Nickel and also 
some poly crystalline metal faces by electron bombardment method. 
The same was followed by G. Bandopadhya’. who made 
some interesting observations on the photo-electric effect on 
X-rays. H. Singh also followed the same method for the 
measurement of the critical potential from Copper and Iron. S. R. 
Das and K. Ray^ studied the important allotropes of sulphur » 
and came to the conclusion that plastic sulphur is the only amor- 
phous variety of sulphur, and the rest are cr 3 ^talliiie. Excepting 
white sulphur, all but the monoclinio variety have the space - 
group V. White sulphur also transforms to this form at 88^0. They 
further noticed that the transition from rhombic to monocUnic form 


) M. N. Saha &nd E. S. Sharma. Bull. U.P. Aca. Set., 1. 110. 1932. 

^ M. N. Saha and J. B. Mukherjee. Nature, 133, 377, 1034. 

9 Costar and Kronig. Phtfetea, 2. 13. 1036 ; 3. 2S2, 1936. 

« B. B. Ray, ZeiU.f. Phy., 66. 201. 1030. 

« H. Dey, Ind. Jour. Phye., 9, 607, 1036. 

^ 8. Ramachandra Rao. Proc. Roy. Soe.. 128, 41. 1930. 

^ G. Bandopadhya, Proc. Roy. Soe., 120, 46, 1028. 

3 S. R. Das and E. Ray, Set. and Cuit,, 1. 784, 1936 ; 2, 108. 662, 1030-37. 
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starts above 80*C. and is always accompanied by growth of the 
crystal size and distortion of lattice planes. 

Work on the constitution of jute and other fibres by X-ray 
methods have been started by B. B. Ray ^ and his pupils. 

Laue photographs of iridescent crystals of potassium chlorate 
have been studied by S. C. Sarkar and it has been shown that the 
iridescence is due to the presence of a large number of twinned 
strata almost parallel to each other inside the crystal. 


XIII. Meteorology 

A review of the progress of meteorology in India during the 
last tweikty-five years may appropriately begin with a reference to 
the valuable pioneer work which had been done by Mr. H. F. 
Blanford and Sir John Eliot during the last quarter of the nineteenth 
century. Even to-day, Blanford's ‘Indian Meteorologist’s Vade- 
Mecum ’ and ‘ The Climate of India, Burma and Ceylon ’ and 
Eliot’s ' Hand Book of Cyclonic Storms in the Bay of Bengal ’ and 
' Climatological Atlas ’ form the foundation of our knowledge of 
weather and climate in India. 

(a) Stasonal ForecaM. 

A meteorological service aims to predict the day to day changes 
in weather and to issue timely warnings against high winds, heavy 
rainfall, floods, cyclonic storms, etc., to various interests over land 
and out at sea. In India the forecasting of seasonal rainfall has 
also engaged the attention of the meteorologists since the time of 
Blanford, and in this matter, India has given the lead to other 
countries. 

Seasonal forecasts are of importance to the predominantly 
agricultural population of this country and incidentally also to 
Government in estimating flnancial prospects. This was recognized 
as early as 1884 when Blanford began issuing monsoon forecasts 
which were based mainly upon certain previous weather conditions 
in India. Eliot improved upon tliis method by considering the 
possible influence of extra-Indian factors, e.g., pressure at Seychelles, 
Australia, etc. Both Blanford and Eliot, however, depended much 

on intuition, . 

Sir Gilbert Walker who succeeded Eliot as Director-General oi 
Observ<atories, introduced in 1906-07 the correlation- coefficient and 


1 B. B. Bay* Sci, and. Cult., 2, 653. 1937. 

* S. C. Sarkar, Ind. Jour. Phyt., S, 337. 1930. « d xi 

5 Tho writer (Dr. A. K. Dad) is indebted U> Dr. C. W. B. Nonnand. 
Director-General of Observatories in India, for advice m the preparation ot 

thia Mem. Jnd. Met. Dept.. 21, 13, 1914 s *Wd., 23. 22, 1922; 

ibid., 24. 333, 1924. 



SAHA 1 FHYSICS- 


733 


the multiple regression equation in his monsoon forecasts, tl.us 
anolving for the first time, numerical inetho.is to the preparation 
of seasonal weather forecasts and eliminating the jx-rsonal faidor. 
Bv the application of the methods of correlation-coefficients, \\ alkcr 
di'seovered certain important relationships between weather in 
distant parts of the earth. The main conclusion reached m Ins 
■ World Weather ’ investigations is that there are tliree big swayiiigs 
or oscillations : — 

(a) The North Atlantic oscillation between the Azores and 
Iceland, . , , 

{b) The North Pacific oscillation hetween the high pressure 
belt and the winter dcpres.sion near the Aleutian 
Idands ; and 

(c) The Southern oscillation, mainly between the South 
Pacific and the land areas round the Indian Seas. 

The method of correlation-eoefficlents has ever since been 
employed in monsoon forecasting in India and considerable improve- 
ments have been made in the method by introducing Walker's 
significance teat for selecting correlated factors. 

A still further improvement is that introduced by Dr, C. W. B. 
Normand ^ the present Director-General, and named by him the 
‘ Performance Test of Significance Whereas Walker's method 
aims at eliminating personal bias once the forecasting factors have 
been chosen, th© Performance Test provides a means for surmount- 
ing personal bias in the ultimate choice of factors. The application 
of this idea in practice would be as follows : Suppose we want to 
forecast rainfall in a particular area. We correlate the rainfall in 
that area with a number of other factors using part of the 
available data. We have now to choose, say, four or five suitable 
factors and form a multiple regression equation. This choice of 
factors, depending as it does on individual judgments, can be u 
serious drawback to the usefulness of the forecasting foi*mula. 
The Performance Test consists in correlating the actual ‘ unused * 
data with the corresponding data calculated or ' predicted ' from 
the forecasting formula. The correlation •coefficient should be 
positive and, if It is significant, the full data may be used for obtain- 
ing a more accurate forecasting formula. 

Dr. S. R. Savur* has shown that the Performance Test can be 
applied to various other statistical problems and Is likely to be an 
important aid in statistical investigations in general. 

(a) Utilization of Upper Air data . — Prior to 1914 daily weather 
n^i 1 w predict ion in India was made mainly from surface 

Forecastiog*^ data. Since then upper air data fr^m a slowly 

increasing number of stations have come to 


> C. W. B. Nonnand. Q^.B. Mtt. Soe., 5S. 3, 1932. 
^ 8. R. Savur, Ind, i7ou^. Phj/ne*» B, 27, 1932. 
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the forecaster's aid. The pioneer in upper air organization in India 
was J. H. Field. The work initiated by him is being continued by 
G. Chatterji. The upper air data used for daily weather work are 
the velocity and direction of wind at various heights above the 
ground telegr«aphed from a net- work of 38 stations. More detaOed 
information such as pressure, temperature and humidity at various 
levels would have been very valuable, but there are practical 
difficulties in obtaining this information for the use of the 
forecaster. It is gratifying to note, however, that G. Chat ter jp 
has invented temperature indicators (based on the principle of the 
bimetallic thermonieter) for use in the first few kilometres above 
ground. He has also designed a hygrograpb for obtaining con- 
tinuous records of dry and wet bulb temperatures in the lower 
levels of the upper atmosphere and an improved type of Dines 
Meteorograph which is particularly suitable, on account of its 
enlarged scale, for sounding the lower layers of the atmosphere. 
Another set of very inexpensive instruments has been designed by 
A. K. Das* for obtaining quickly the values of temperature and 
pressure and the heights of inversions in the lower levels of the free 
atmosphere. These instruments are based on the principle of the 
air thermometer so that any one with a reasonable experience of 
glass-blowing can make them with little trouble. The use of 
aeroplanes for obtaining direct information of conditions in the 
first few miles of the atmosphere is at present confined, in India, 
to a few R.A.F. stations in North-West India. 

(6) Frontal Analysis . — A powerful method that has come to the 
forecaster’s aid is the analysis of air masses first introduced by 
V. Bjerknes. It is now well recognized that weather is caused by 
interaction between different types of air masses. Several ways of 
recognizing air masses have been suggested, but a very useful, 
yet simple, method is the use of the ‘ Wet-bulb potential tempera- 
ture ’ first put forward by Normand *. The importance 
method is at once recognized when it is seen that the wet-bulb 
potential temperature ‘ has a definite meaning as a heat function, 
has an intimate relation with adiabatic process in general, and 
provides us with a measure of the entropy of atmospheric air , 
as shown by Normand. The invariance of the wet-bulb potential 
temperature has been the guiding factor in all the work on air mass 
analysis that has been recently done in India, Dr. Normand aUo 
identified wet-bulb temperatures with the saturated adiabats that 
appear on the well-known a<liabatic diagrams of Hertz and Neuhott , 
and later in 1931 showed how wet-bulb curves (or ' Estei^ams ) 
^•nteretl on such diagrams can, in conjunction with dry bulb curves 


1 G. Chatterli, Otrl, Btitr. Z. Qeoph.,S4, 252, 1931. 

A. K. Das. Otrl. BtUr. Z. Qtoph.. 36. 1, 1032 ; thid.. 36. 4, 193- ; 
37 ‘^24 1932. 

* * C. W. B. Normand, Mtmoira Ind. Mr/. Dept., 2$. 1. 1921. 

4 C. W. B. Normand, Nature, 126, 533. 1931. 
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(OT ‘ T-i diograms ’) be used for the rapid classification of atraospixcric 
lavers for stability or latent instability. An account of the method 
ia^to be found in a Memoir by Mr. V. \ . Sohoni und Mi.ss 
Paranipe', who have classified many T-* diograms by this method 
and correlated subsequent weather with the degree of stability 
or latent instability evinced by the soundings. 


(6) lnvfSfig<ifi<ni8 of the Upper Air, 

The technique of pilot balloon observations and sounding work 
and the conclusions that could be drawn from the data collected 
up to the end of 1919 was elaborated in a series of memoirs by 
J, H. Field and W. A. Harwood* entitled ‘The Free Atmosphere 
in India 

K. R. Ramanathan * who made a general study of the 
soundings of the free atmosphere both in India and other count ries» 
gave, for the first time, a concrete picture of the distribution of 
temperature up to 25 kilometres over the northern hemisphere 
during summer and winter. Some of his main conclusions aro 
quot^ below : — 

‘ The stratosphere is not isothermal over any particular 
place, but above a certain level there it a tendency for the 
temperature to increase with height. 

The coldest air over the earth, of temperature about 185^A 
lies at a height of some 17 geod>'nnmic kilo* 
metres over the equator in the form of a fiat ring 
surrounded by rings of warm air.' 

The observations in the upper air both as regards soundings 
and wind measurements were made at Poona, Hyderabad and 
Madras under the direction of the Upper Air Section at Poona, 
with materials supplied by the Upper Air Observatory at Agra, 
which under the able guidance of Air. G. Chatterjl developed the 
necessary techn'‘que. These observations together with those 
made by G. Chat ter ji and hie co -workers at Agra have been 
analyzed and discussed by G. Cbatterji, N. K. Sur, K. R. 
Ramanathan and their collaborators in a number of papers *. 
It is not possible to give an account of the many results 
obtained from all these investigations within the limited space 
of this article, but we will mention some of the important points 
brought out by these researches. One is that the tropopauso or 


^ V. V. Sohoni and Paranjpe, Mtmcirt Ind. Met. DepU, 26, ISl. 1937. 

* H. Field and W. A. Harwood, Memoirs Ind. Met. Depl.. 24, Porte 5 
and e. 192U23. 

* K. R. Ramanathan, Memoirt Ind. Met, Dept.,2S, 163. 1930. 

* Q. Chottorji and K. Sur. Oerl. Beitr. Z. Qeoph,, 25, 266, 1930; 
Kamnathan and Ramakrishnan, Afemoirr Ind. Mel. Dtpt., 25, 61, 1934; 
H. C. Booarjea and Ramanathan, Ind, Mel. Dept, Sc. NoUe, 3, 21, 1930. 
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the transition layer between the troposphere and the stratosphere 
Over Northern India occurs at a height of 14-18 kilometres. 
But there are fluctuations in the height in the different seasons, 
the mean height being 16*5 gkm. (temperature 194*5®K.) during 
the period middle of May to end of October and 14*9 gkm. 
(temperature 203*5®K). during the rest of the year. It is also 
remarkable that the temperature of the base of the stratosphere is 
higher in the colder months than in the hotter ones. Another 
striking fact is that the monsoon season (July- August] is the 
hottest of all the seasons up to nearly 14 gkm. 

Finally it may be mentioned that upper air studies in India 
have led to a substantial modification of the picture of the general 
circulation of the atmosphere as presented by Teisserenc de Bort 
and Hildcbrandsson. 


(c) hivestigalions on structure and movemenU of tropical storms, 
depressions, etc., in the Indian Stas. 

A considerable amount of research work has been done by 
meteorologists in India on the nature of the major weather pheno- 
mena, such as storms or depressions originating in the Indian Seas, 
thunderstorms of land origin, winter depressions which move from 
the west over Persia and Northern India. It has been well known 
from tiie time of Eliot (vide Eliot's Cychne Memoirs, Parts I-V) 
that the outer storm areas of cyclones of the Indian Seas do not 
possess a symmetrical structure contrary to what was generally 
believed to be the case with tropical cyclones. Recently, however, 
B. N. Desai and S. Basu* have brought forward clear evidence 
in favour of non-symmctrical structure in the inner storm area of 
five Indian cyclones. An important point which emerges from Desai 
and Basil’s investigation is that the calm centre or ‘ eye ’ of an 
Indian (cyclone does not coincide with the lowest pressure, nor is 
tlie strength of winds in the inner hurricane zone symmetrical 
with respect to the centre. This conclusion, though not completely 
invalidating the usual theory of the formation of the calm centre 
according to which the central calm is due to the complete com- 
pensation of the pressure gradient by the centrifugal force acting on 
the rapidly rotating air mass, throws considerable doubt on the 
validity of this theory. It is well known that the Indian cyclonic 
storms' form on a diffuse boundary between two air currents one 
of which is essentially of oceanic and the other of land ongm. 
Several attempts have been made recently to investigate the stnic- 
ture of individual cyclones by applying the methods of Norwegian 
meteorologists for the extra-tropical cyclones. S. C. Roy and 


1 13 N Desfti and S. Basu, Oert. Beitr. Z, Qeoph., 40, 1, 1933 ; Bmu and 
Dosfli. ibid. '. 42, 353, 1934. 
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A K Roy^ showed, for the first time, l*y suialyzln?^ a mimlKT of 
typical Indian cveioncs that there is a ahaloiry between the 

structure of the Indian evdone and that of the rxtm.tro|M<al eydone. 
In fact they showed that in a fully devdopr'd Jiuliati cyelcjiie, there 
are two clear fronts similar to the warm an<l c old frotds of extru' 
tropical depressions, and that the severity of a c*yc‘lone is irreatcHt 
in the pre -monsoon and post -monsoon seasons wdien the two 
constituent air masses are most strongly contrasted in tlic*lr pro- 
perties. The later investigations of Ramanathan*, Sobhag Mai 

B, N. Desai’ and N. K. Sur* on Individual cyclones have 
also brought forward a certain amount of cvhleneo pointing to the 
existence of fronts in Indian cyclones. In some recent investigations 
au attempt has boon made to show, by the method of air mass 
analysis, that there occur in the atmosphere in liulia surface's of 
discontinuity of the inclined or ‘ front * type even in the ahstmcc of 
marked storm conditions. N. K. Sur* ha.s shown by annlyzing 
a few typical weather situations that occasionally a wctlge of <lry 
north-westerly continental air extomis between the soutli- westerly 
winds from the Arabian Sea and the easterly winds of the monsoon 
traversing the Gangetic valley and gives rise to typh^al fronts with 
characteristic rainfall over the W'cstern United Provinces and 
adjacent parts. 

In a recent memoir V. Dorniswami Iyer* has shown that 
an appreciable number of the reshlual lows from the typhoons of 
the Pacific Ocean and the China Sea, which strike the coast of 
Indo-China or South China during the pcrio<l July to November, 
travel acro.ss the intervening hilly country and enter the Indian area. 
Many of these, which cross over in the months of September to 
November, develop into storms or well-marked depressions, those 
that develop into storms in the Indian Seas being of small extent. 

Although our knowledge of the structure of the Indian cyclones 
has considerably improved in recent times, the directions of move* 
menu of storms in the Indian Seas are still not clearly understood. 
It may be that the track of a cyclone depends, as Harwood eon* 
eluded from a statistical study, upon the wind directions at the 
cirrus level, but it would seem that the inclination of the spatial 
axis of a cyclone ought to give a better indication of the direction 
of travel. The winter depressions, which move into India from the 
west across Persia and Baluchistan were studied by B. N. Banerji ^ 
who showed that they present practically the same character- 

* S. C. Roy and A. K. Roy, Btitr. Z. Ph./r. Atm.^ 16, 224, 1930. 

^ K. R. Ramanathan, Memoirs Ind. Met- Dept., 26, 79, 1936 ; Raroanatban 
and RamaUnshnan, «6wf., 26. 13, 1933. 

^ S. Mai and B. N. Dasai. Ind, Met. Dept. Sc. Nous, 4. 87, 1931. 

* K. K. Sur, Ind. Met. Dept. Sc. Note*, 6. 113, 1935. 

^ N. K. Sur. Memoirs Ind. Met. Dept., 26. 37. 1933. 

^ V. Doraiawanii Iyer. Memoirs Ind. Met. Dept., 26, 93. 1936. 

_ ^ B. N. Bandr]i. ' Meteorology of the Persian Gulf and Mekran *. Central 

Publication Branch (Govt, of India). 1931. 
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j sties as the occluded depressions of the extra-tropical regions. 
Although the rainfall associated with these depressions is of con- 
siderable importance to agriculturists in north-west India, they do 
not in themselves present any particularly unintelligible feature 
which would require a special study. But there is an important 
type of weather phenomenon which appears in some way to be 
closely connected with these western depressions, namely, the series 
of dust or thunderstorms that occur in Northern India particularly 
in Bengal, Bihar, and the United Provinces during the transition 
seasons immediately before and after the proper winter months. 
These thunderstorms or ’ norwesters ' often occur well in front of an 
advancing western depression and in some parts of the country, 
especially in Bengal, cause violent squalls of a destructiveness, 
sometimes surpassing that of the severe cyclones of the Bay of 
Bengal. The origin and mode of occurrence of ‘ nonvesters * have 
been investigated by V. V. SohonP. S. N. Sen* and A. K. Das*. 
The effect of over- running of the damp and warm air mass 
over Bengal by potentially colder air above has been considered 
by Sohoni. The same process has been invoked by B. N. 
Desai* and by S. P. Venkateswaran * to explain the thundcr- 
atoims of Poona and the Peninsula. Sen however concludes 
from his studies on the norwesters of Bengal that these thunder- 
storms are caused by the undercutting of the warm moist sir from 
the Bay by a colder and drier sample of air, which rushes dowi^ the 
river valleys from the eastern Himalayas. The propagation of 
norwestcr .squalls has been compared by A. K. Das to the move- 
ment of cold waves in Europe and America. Assuming that the 
cold air moves as in W. Schmidt’s laboratory experiments not as a 
thin -tripped wedge but as a more or less thick ‘ Squall -head 
A. K. Das has theoretically calculated the aqua II- velocities for a 
large number of norwesters recor<lcd at the Alipore Observatory. 
By this quantitative method he has sho^vn for the first time that 
tliere is a good agreement between the theoretically calculated 
squall- velocities and the wind- velocities recorded by anemographs 
during the norwesters of Bengal ; it has also been shown that the 
principal features of norwesters including the occasional formation 
of tornadoes in Bengal can be explained satisfactorily on the basis 
of this media nii^m. 

A detailed study of a few thunderstorms at Colaba led S. K. 
Banerji* to uphold the view first advanced by G. C. Simpson, 


I V. V. Sohoni. Ind. Mfi. Dept. Se. Xore4, 4, 19. 1931. 

« S. N. Son, Safure, 127, 128, 1931. ^ . .,oa 

i A. K. Das. Oerf. Beitr.Z. Oeoph., 39, 144. 1933 ; Current Science, 1, 

1933 ; 2, 418. 1934. 

* R. X. I>oaQi, InJ. Met. Dept. Se. Xoiee, 3, 89, 1931. 

5 S. [*. Venkateawaran, Ind. Met. Dept. Se. Xetee, 5, 63, 1933. 

6 S. K. Banerji. Q.J.R. Met. See., 56, 303. 1930 ; Phil. Trane. Roy. See., 
231, 1. 1033. 
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viz that the eWotricity in thunderstorm^ oriKinaU's from tii« 
breaking of rain drops in clouds by asccndinK uir. 


{d) Radiaiive and Convective proce^w in Mr Atmonpherr. 

The problems of radintion and tiirbulrnce in tf»* iitmosiiluTc 
have received a goo<l deal of attoiitiou from mcteorolngisls iti Indiu 
durinc the Last few voars, and a numl>cr of cxpcTimciituI as wrll as 
theoretical investigations have been carried out. In a su^ucslivc 
paper K R Raimxnathan ’ lias examined the cttect of rudia. 
tion on the equilibrium of tlxe higher layera of the tropospliere l>y 
employing the method use<l by Simpson in bis fumoiiH parwCM cjn 
Atmospheric Radiation. It is a well-known fact that the trojHc'al 
tropopause is much higher and colder than the tropopausc over the* 
middle latitudes, but this fact has not yet received a thoroughly 
satisfactory explanation. Rainanathan has arrived nf the eon. 
elusion that over the tropics there should be a region of active con- 
Tcction between about 8 and 12 km. and weaker convection for two 
or three km. further above, both during the day and the niglit. 
Now, since in the lower levels of the troposphere up to about H km. 
the potential temperature and the moisture content are higlier over 
the tropical regions than over the temperate zones it follows that a 
larger quantity of moisture can be pushed up by convection to levels 
of lower temperature over the tropics and consequently the level of 
radiative equilibrium or the tropopause should be higher and coMer 
over the tropical regions than over the tern potato latitu<lcs. 
Sobbag Mai, S. Basu and B. N. Desai* have studied lUe formation 
of inversions of lapsc.rate in the tapper Atmosphere In ant‘cyclonic 
weather duo to radiation from humidity and haze boundaries. 

Problems connected with heat (water- vapour) radiation from 
the night sky have received considerable attention from K. R. 
Rainanathan. L. A. Ramdas and their co-workers*. It is found 
that there is a decrease in the radiation during the night due 
to the fall of temperature in the lower layers of the atmosphere. 
Radiative equilibrium is attained with near layers for regions of the 
spectrum for which water- vapour has high absorption and with 
distant layers for regions of the spectrum with low absorption by 
water-vapour. 

In a theoretical paper (1925) on the depth of Earthquake Foci, 
S. K. Banerji * pointed out for the first time that in tho seismo- 


1 K. R. Ramsnathan, Beitr. Z. Ph.Jr. A/m.. IS. 106. 1932. 

< S. Mai. S. Basu and B. N. Deaai. Beitr. Z, PA. fr. A/m.. 20. 66. 1933. 
s R. R. Ramonathan and L. A. Ramdas. Proe. ind. Acad, i^c., 1. 822, 
1935 ; K. R. Earaanathan and B. N. Desai. QerU Btitr. Z. Oe^h.. 35, 68, 1932 ; 
S. L, Malurkap. Qtrl. Bei/r. Z. Qeoph.y 37, 410. 1932 ; P, K. RaiMn, Pr©c. 
/nd. Acad. .^e.. 1, 815. 1936. 

4 S. K. Banarji, PAii. Mag.» 49, 65. 19S5. 
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graiDd of earthquakes with deep foci, the long waves would be 
inconspicuous. 

The distribution of temperature in the lowest levels of the 
troposphere up to about 200 metres above ground has been exam^ 
ined by Barkat Ali who has shown that in Northern India the 
vertical distribution of temperature as well as the structure of the 
wind is more or less in accord with G. I. Taylor and W. Schmidt’s 
theories of turbulence in the atmosphere. Another problem usually 
not considered in theories of large*sca)e eddy motion has been 
studied both experimentally and theoretically by S. L. Malurkar 
and L. A. Ramdas^, namely, the question of the vertical gradient 
of temperature in the layer of 10 cr 15 cm. next to the ground heated 
by intense solar radiation in India. Malurkar and Ramdas have 
experimentally determined the temperature lapse- rate in the surface 
layer to be 1 or 2®C. per centimetre and have also given a mathe- 
matical explanation of the observed lapse-rates taking into con- 
sideration the balance between the heat received by conduction or 
convection process and the net loss of heat by radiation process. 
It is, however, extremely difficult to attain a satisfactory degree of 
accuracy in such measurements. L. A. Ramdas and Paranjpe * 
have attempted to obtain greater precision in the measurement of 
lapse-rate very close to a hot surface by the introduction of inter- 
ferometric methods. Measurements of (a) the various factors 
controlling the disposal of the radiation from the sun and the 
sunlit sky by processes taking place near the surface of the ground, 
and (6) the factors concerned with the ‘ moisture balance ’ at the 
ground, have been made by Ramdas and co-workers. 

Various other investigations dealing with other atmospheric 
problems some of which fall on the borderland of geophysics and 
astrophysics have been carried out by Indian meteorologists. 
Particularly noteworthy are the works of Simpson and S. K. 
Bancrji * on atmospheric electricity and of S. K. Banerji ® on 
the application of microseismic records to the determination of 
cyclone centres. Mention should be made also of the work of 
K. R. Ramanathau* on the observations of the spectrum of the 
nig Jit sky, of A. K. Das^ on the theory of the emission of the 
forbidden 01 lines by tlie night sky and of the cause of the high 


1 Barkat AU. Mfmoirs Ind. Mti. Dept., 25, 195. 1930 j 

iSoc., 58. 285. 1932. . jas lo'io- 

2 S. L. Malurkar and L. A. Ramdaa. Ind. Jour. PhtfO.. b. 495, IVJ-5. 

Bamdas and Malurkar. 7. 1, 1932. „ 

2 L. A. Ramdas and Paranjpe. Current Sctence, 4 , 642. 1936 j M. n.- 
Paranjpe, Proc. Ind. Acad. Sc., 4, 639. 1935. 

< S. K. Banerji. vide ref. 6 on p. 738. 

5 S K- Banerji. Phil. Trans. Roy. Soc., 229. 287, 1930. 

« K. R. Ramanathan. Ind. Jour. Phys.. 7. 405. 1932. 

’ A. K. Daa, Oerl. Beitr. Z. Ocoph.. 47. 136, 1936 ; tbul.. 49, 241, 1937. 
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temperature of tbe earth’s outer atmosphere, of S. K. Prama^ 
ou Lunar atmospheric tides, of S. R. Sa^r* on some points in 
^Lis^al theory and of J. M. Sa» on the measurement of the 
electric gradient in the atmosphere during dust storms at 
There is^lso the programme in agricultural meteorology recent y 
begun by L. A. Ramdas * and bis coUaborators. who have 
wUMUd^ a substantial amount of meteorological data which should 

prove valuable for agriculture in India. j , .u„ 

^ In concluding this brief review reference may bo m^e to the 
important line of research on the ionosphere which is ^emg con- 
ducted by S. K. Mitra at Calcutta and M N. Saha at Allahabad. 
The recent observations on atmospherics and atmospheric electricity 
at Bangalore and the investigations in meteorological optics carried 
out by B B. Ray ‘ at Calcutta are also worthy of mention. 


1 S. K. Premenik. Ini- ■'/««. Depl.. 

Preioanik, S. C. Chalterjee ami P. P- Joelii. I»<i- •««'- O'Pt- "Of". ■•. 1. 

S. R. Savur. I«d. Jour. PAy*.. 4. 527. 1831 ; Ind. Met. Depl. Sc. Nolee. 
4, 153, 1932 ; Proe. Inti. Acad. Se., 2. 330. 1035. 

s J. M. Sil. Q.J.R. Met. Soc.. 59, 23, 1933. ^ 

* L. A. Ram<U», Proc. Nat. M. India, 2, 131, 

Ind, Jour. Agri. Se., 4, 923, 1034 s lUrodaa and KaUu tM.. t, 1103, 1030. 

* B. B. Roy, Proc. Ind. A$aoe. Cult. Se., 8 , 23, 1923. 
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I. Introduction. 

A good idea of the state of Botanical research in India towards 
the end of the l&th century can be had from Sir George King’s * 
address entitled *A Sketch of the History of Indian Botany’ 
delivered to the Botany section of the Dover meeting (1S99) of 
the British Association for the Advancement of Science. From this 
r^sum^ it appears that the work done in India up to that time was 
confined mainly to systematic, geographical and economic studies ; 
the systematic and geographical work was chiefly done by the 
Botanical departments of the provinces of Bengal, Madras, Bombay 
and Northern India. To co-ordinate the work of these departments. 


1 King, Sir George. Kept, Brit. Am, Adv. Sei. {Dovtr), 904-919. 1889. 
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the Botanical Survey of India with hr'a(lquart«Ts ut Calf’Utta was 
founded in 1880 'without rcmovinj' fitlior tin* oIIIccth or the four 
institutions to which they wvrv attaclifcl froni tlu* finnnc'ijil r»r 
general control of the local a< I mi nisi rat ton wllliin wfih'fi they were 
respectively situated, tin* supretue (Jovernmorjl runkiiiy a siiiall 
contribution of money for the purjiosc of exploriji^f litlle*kii«»wn 
districts and making itself resjwnsible for the eosi cd* |ml»lir*ji 1 jotin 
called the Records of the Botanical Survey of India ” 

J. D. Hooker's* monumental Ftora of liritiMfi hi din in seven 
volumes was com plot e<l in lHtl7, and fnun tliis date pirpani lions 
were being made f(»r the puhlication of floras of the varitjuH 
provinces of India. 

In the economic sphere Sir George Watt’s* Dictionari/ of Oia 
E cotiomic Products of Jiidiay completed in 180G, furnished a good 
foundation for further work. 

In the first deca^Ic of the jirosont century, Horistie invest igat ions 
of different parts of India W'crc continued. Floras for Bengal by 
D. Prain * and Bombay Presideney including Sliul by T. Cooke® 
were published between Hkil-JOOH. The publication of a Flora 
of the Upper Oangotic plain inclu<iing the area of the United 
Provinces and Oudh, the Mnlwa plateau, Eoatern Raj put ana and 
Delhi was commenced by J- F. Duthie,® and two volumes including 
families up to the Pjantnginnci‘9 were published. 

It was during this decade also that the Imperial and Provincial 
departments of Agriculture m their present form were established. 
The Imperial Agricultural Kesenrch Institute was e.stnbllshcd at 
Pnsa about 1004. The Mycologists ami Economic Botanists 
appointed on the staff of these departments commenced a sorios of 
researches in their respective spheres of work. 

There was, however, not much provision for re.search in Botany 
in any of the Universities or colleges attached to them. It is true 
that occasionally botanists like Mr. C. B. Clarke and Dr. George 
Watt were appointed to the Indian Educational Service in Bengal, 
but they do not seem to have had much to do in training botanists ; 
Mr. Clarke was employed in inspecting Schools and Dr. Watt was 
soon transferred to be Reporter on Economic Products of India, 
ftof. P. BrQbl, who was then a Professor of the Sibpur Engineering 
College, did some work in his spare time, but even he was not a 
teacher of Botany. 

During the period under review (19 1 0-35) a great change has 
come over Botanical Research in India. This was in a large measure 
due to the establishment of teaching and research departments in 


• reforence 1. p. 742. 

I Sf^*^®***. P*: British iTidia, 1-7, 1876-1807. 

Watt, Sir G.,Di«^»on< 2 ry of the Becnomie ProdwU of Indio, 1-6, 1880-96. 
\ Pram. D., Bengal PUmU, I. 2, 1903. 

« ^ Presidoneg of Bombay, 1, 2, 1901-08. 

® Duthie, J. F., Flora of the Upper Gangetic Plain, 1,2. 1903-11. 
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the Universities and Colleges in India, mainly during the post-war 
period. 

The extent of this change becomes evident from the annual 
reports of the Botanical Survey of India, and of the Board of 
Scientific Advice for India up to the year 1923» in which are included 
summaries of botanical work done in India during the period. From 
these reports and from the Proceedings of the Indian Science 
Congress, one realizes the fact that whereas up to the year 1920 or 
thereabouts, research work in Botany was mainly carried on by 
Government departments like the Botanical Survey or by officers 
of the Agricultural departments and was mainly floristic and 
systematic in character, in the period since 1920, a continually 
increasing amount of work, in oU branches of Botany has been done 
by the staffs of the Botany Departments of the Universities and the 
colleges affiliated to them. This is principally due to the intwduc- 
tion of Honours and Post-Graduate courses in most Universities. 
The University departments are now generally staffed by persons 
with research qualifications, most of whom are actively engaged in 
original investigations. 

The foundation of the Indian Botanical Society in 1921 and 
the publication of its journal, of which 16 volumes have already 
been published, has been an additional stimulus to the progress of 
Botany in India. 

In the present chapter it is proposed to give a short account oi 
the main trends of Botanical research in India during the peat 
twenty-five years under the headings : Morphology, Physiology, 
Systematic Botany, Palaobotany, Applied Botany, and Plant 
Geography and Ecology. 

1 take this opportunity to express my indebtedness to 
Professor P. Parija, Ravenshaw College, Cuttack, who has 
contributed the section on Plant Physiology, Professor B. Sahni. 
F.R.S. of the Lucknow University, for information m regard to 
Paleobotany, to the Economic Botanists and Mycologists ot 
the Imperial, Provincial and States departments of .^riculture, 
and the Forest Botanist and Forest Mycologist at the Forest 
Research Institute, Dehra Dun, for information on Appiiea 
Botany. Brevet-Colonel R. N. Chopra. I M S., for information on 
the study of medicinal plants, and to friends and colleagues in 
the Universities for information on work done in their institutions. 
Without this help it would not have been possible for me to 
compile this account. I also express my sincere thanks to tno 
Editor, Dr. B. Prashad, for the consideration he has shown to 
me in extending the time-limit for the receipt of the typescript. 

II. Morphology. 

A considerable amount of work on the morpholo^ of the 
Indian flowering plants Las been done during this period, luo 
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earlier work is more or less of a descriptive character and includos a 
record of abnormalities and variations from the imrmnl structure, 
the studv of floral biology and methods of pollination, fruit dispersal 
and methods of perennation, etc. The later work includes stui^es 
on the internal anatomy (from the physiological as well as the 
systematic point of view), life-history and embryology. Of these the 
following may be mentioned 


(a) Afiatomif. 

Sabnis^ has studied the physiological anatomy of the plants 
of the Indian desert. Mullan* has investigated the physiological 
anatomy of Indian halophyte.s. The anatomy of climbing plants 
has been described by Dastur* and his co-workers. Gupta* has 
studied the effects of edaphio factors on the anatomy of certain 
species. 

Mabeswari ^studied the morphology of Boerrhavia diffusa and 
the structure of the stem of Bnmtxcrispxis. Bhnrgava • investigated 
the morphology of Bo^rrhavia rtpauda, and Johri ^ the morphology 
of the Alismaces. 

Joshi ® and co-workers have directe<l their attention to the 
anatomy and life-history of various members of the Polygonace®, 
Chenopodiacew, Ama rant ace®, Th^^mielsace® and Araliace®. 

The anatomy of the stem and root of Eriocnvlon septangulare. 
has been described by Solomon.* Gupta has studied the wood 
anatomy and theoretical significance of Homoxylous angles perms. 
Rao has studied the morphology of Antigonon UptKypns and mem- 
bers of the Capparidacea. Ghosh ** described the stem anatomy 
of the Cucurbitace® with reference to its systematic value. 


1 Sabnis. T. S.. Joum. Ind. Bot., 1, 3S-43, 65-83. 97-114, 183-205. 
227-261. 277-296. 1919-20 t 2, 1-20. 61-79. 93-115. 157-153, 217-235. 271- 
299: 1921. 

2 M\ilian. D. P., ,7eum. Ind. Bot. Stx.y 11. 103-118. 1932; 285-302, 
1933; 12. 165-182. 235-263, 1933. 

t Daatur. R. H. and Kangs. F. M.. Ann. Bot.. 41. 671. 1927 ; Dastur 
R. H. and Kapadia. G. A . Jotim. Ind. Bot. See., 10. 110-121. 1931. 

* Gupta, P. S., Joum. Jnd. Bot. Soe., 15. 1-18. 1936. 

* Maheswari, P., Joum. Ind. Bot. Soe., S. 89-1 17. 219-234. 1929. 

^ Bhargeva, H. R.. Joum. Ind. Bot. Soe.y 11. 30^326. 1932. 

^ Johri, B. M.. Joum. Ind. Bot. Soe., 14, 49-66. 1035 ; Proc. Ind. Acad. 
Sci. B, 1, 340-348, 1936 ; Proc. Jnd. Acad. Set. B. 1. 33-48, 1936. 

* Joshi, A. C.. Joum. Ind. Bot. Soc.. 10. 209-212. 1931 ; ibid.y 10. 213- 

231. 1931 ; ibid., 10. 266-291, 1931 ; ibid.. 14. 349-50. 1935 ; i&i'd.. 15, 77-86, 
1936; ibid., 15. 91-104. 1936; i5td., 16. 297-300. 1937; A. C. and 

Venkata Rao. a. ibid., 13, 201-236. 1934; Joehi. A. 0. and Sita Rom Rao. 
v.,thid.y 13, 169-186, 1934. 

* Solomon, R., Joum. Ind. Bot. Soe.. 10. 139-144, 1931. 

Gupta, K. U., Joum. Jnd. Bot. Soc., 13. 71-101, 1934. 

Rao. V. 8 ., Joum. Ind. Bot. Soc., 15. 105-114. 1936 ; rti'd., 15, 71-76. 
, 335-344, 1936. 

U Ghofth, E. N., Jottm. Ind. Bot. Soe„ 11, 269-270, 1932. 
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Heterachic roots of Bnhydra ftuiiam have been studied bv 
Majumdar,^ Sahni * has discussed the explosive mechanism of 
the fruit of Viscum japonicum Thunb., while Parija and Mallik * 
have described the bursting of the fruit of Impaliens baUmina. 


(6) Embryology. 


Investigations on the subject commenced only about 1920» 
and the number of papers published since this date has been 
increasing steadily. The chief centres of work are Agra, Allaha- 
bad, Benares, Calcutta, Bangalore, Madras and Ahnxedabadi 
though work has also been reported from Ajmer, Nagpur and 
Coimbatore. Mahe.swari * published in J935 a of the work 

done in Current Science, which liaa been used in preparing the 
following summary : — 

Dastur^ investigated the structure and development of the 
ovule.s of Hydnora africana. Rao^ and Ekambaram and Panje^ 
studied the morphology of Baianophora sp. from Coorg-Malabar 
forests. 

Tiwary® discovered polyembryony in Eugenia jamboh7ia. 
Tiwary and Rao ^ studied the development of the embryo •sac in 
another member of the Myrtace®, Cailistemon linearis, and found 
it to be quite normal. 

Joshi studied the mogaspore and cmbryo-sac formation in 
Argemont mevicana : these results were supplemented and modified 
by Bose and Banerji,'^ and Bose.'* 

Joshi'* and his collaborators studied the embryology of 
Tinospom cordifolia and Ammonia baccifera. 

Agharkar and Banerji investigated the development of the 
embryo -sac in Carica papaya. Banerji'* described the life -history 
of Corckorxie olitorius and C. capaularis : he also studied 
the female gametophyte of Colocasia antiquorum. Banerji and 
Bhaduri recorded the presence of polyembryony in Nicotiana 


^ Majumdar, Q. P., Joum. Ind. Boi. S 0 C., 11. 225^227, 1932. 

2 Sahni, B., Journ. Itul. Bot. Soe., 12, 9^101, 10.13. 

8 Parija, P. and Mallik, P.. Jonm. Ind. Bot. Soc., 15. 59-62, 1930. 
i Malieswari. P.. Curr. ScL, $, 599-605. 1935. 
i Dastur. R. H., TraM. Roy. Soc. Soulh Africa, 10, 1922. 

« Rao. L. N.. Curr. Sd., 1, 134. 135. 1932. 

7 Ekambaram, T, and Panje, Proc. Ind. Acad. Sc., B, 1. 452—470, 622-643 . 


1935. 

8 Tiwary, N. K.. Joum. Ind. Bot. Soc., 5. 1920. 

» Tiwary, N. K. and Rao, V. S., Curr. Set., 2, 339. 340, 1934. 

10 Joshi. A. C., Joum. Ind. Bot. Soc., 12, 83-90, 1933. 

7\ Bose. P. K. and Banerji, I.. Curr. Sci.. 2. 94, 1933. 

12 Bose, P. K.. Journ. Ind. Bot. Soc., 16. 197-208. 1937. 

Joshi. A. C. and Raman Rao. V. V.. Curr. Set., 3. 62. 63. 1634. 

I* .^gharkor. S. P. and Banerji. I.. Joum. Dept, of Science, Calcutta 

^"'.7 Baneiii!!. Joum. Ind. Bo,. Soc.. 11. 82^5 1932 = 228-239 : 1932. 
Banerji, I. and Bhadupi, P. N.. Curr. .Sc*.. 1. 310. 311. 1933. 
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T>lumbaginifolut. Bhaduri * made a detailed study of the* 
life-hUtory of Solanvm melongena. He further extended hin 
•work to several other members of the Solanaec-se and pointed 
out the formation of two types of endosp<Tin eel Is, some 
with the triploid number and others with the diphud number of 
chromosomes. Roy,* Datta.* and Paul ♦ have made Interesting 
contributions to the embryology of the Lcgumiiiosc-a*. 

Seshagiriah* made interesting contrihutions to the life- 
history of Zeuxine sufcAta. Narasimha Mtirthl ® and Johri’ 
studied the life-history of Limncpht/lon ohttiAifolium. 4ind Nnrnsimha 
Murthy* elucidate<i the life-histories of four mernbcr.s of the 
Commelinace®, CffanotiJf rnsUita. Cf/anoih nriUnna, AneiUnui 
apiratum and Zebrina penfiula. 

Maheswari • and his students have published a large number of 
papers. Johri investigated the life-history of CuacuUi re^exa. 
Berberh ntpaUnsU and Acoii/pha indim. Bliargava** studied 
the life -history of some members of the Oentrosperme©- 

Puri,** Gupta,** Singh and Shivapuri have made eontri- 
hut ions to the life- history of the Moringaoc©, Potnmogetonace©, 
Leranaceffi. Loguminose©, Ulmace©, Liliaces, etc. 

Mathur** studied the life-history of Convolvuhta arvcMia. 
Richana has been working on the development of the stamens of 
Asclepiadace© and has reported that while species of fiemide^mw. 
^ryptoalegia and CryptolepaU have four sporangia, CaJotropis, 
Dctmia, HoloMemma and Ptrgularia have only two. 

Dutt and Rao have studied the development of the embryo 
and embryo-sac of Sugarcane. 

Agharkar and Bbaduri*^ have studied variations in chromo- 
some numbers in Musace©. 


1 Bhedufi, P. N-. Journ. I ml. Bof. Soc.. II. 202-224. I0S2. 

* Roy, B.. Irut. Jcyrn. Atfr. Rta.. 3. 1000-1107, I0S3. 

» Date*. R. M.. JoMfrt. InH. Bot. Soc.. 13. 277-209, 1034. 

* Paul, A. K.. J^urn. Ind. Bot. Soc., 16. I Si- 1 37. 1037. 

» Seahagiriah. K. N.. Curr. Set., 1. 102. 1032 : ttrW..3. 203, 20$. 2C4. 1034. 
^ Naraaimha Murthi. S. K.. Cuer. Set.. 2. .33-54 . 1033. 

’ Johri, B. M.. Joum. Ind. Bot. Soc.. 14, 49-6S, 1035- 
t Naraaimha Murthy, K. L.. Curr. Set.. 3. 2.’>8-36, 1034. 

^ Maheawan, P. and Singh. U. B.. Journ. Ind. Bot. Soe., 0. 31-39, 
1930 ; Maheawari.P., Proc. Ind. Acttd.Sc. B., 1. 197-204. 1934*35 : Joum. Ind. 
Bot. Soe., 10. 241-204. 1931. 

'0 Johri, B. M.. Proe. Ind. Aatd. Se. B., 1. 283-290, 1934*35. 
n Bbargava. H. R., Proe. Ind. Acad. Sc. B.. U 271-78. 1934*35. 

** Puri, V.. Pfoc. Tnd. Acad. Sc. B.. I, 279-82, 1934*35. 

IS Qupta. B. L.. Joum. Ind. Bot. Soe.. 13, 51-66. 1034. 

Singh, B. and Shivapuri T. N., Proe. Ind. Aead. Se. B., 1, 423-34. 
1934-35. 

Mathur, K. h.. Curr. Set., 3, 159*160, 1934. 

*« Richaria, R. H., Curr. Sci., 2. 340-341. 1934. 

** Dutt, N. L. and Subba Rao. K. S., Ind. Journ. Agr. Be., 3, 37-56, 
•933. 

Agharkar, S. P. and Bhaduri, P. N., Curr. Be*., 3. $15-17, 19£5. 
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(c) Ttratology. 

The study and record of abnormalities of Phanerogams has 
been undertaken by many authors, including Agharkar,^ Sabnis,* 
Singh Kashyap,* Sahni,* Hallberg ♦ Joshi ' and others. 

The study of plant galls has recently been started ; Kama* 
chandra Kao,® Raman® and Mani’® have been the principal 
workers in this field. 


III. Physiology. 

In the history of Botany as a whole, plant physiology followed 
in the wake of morphology in the broadest sense. The same is 
true of botany in India, and the development of plant physiology 
is a comparatively recent event. At the beginning of the quarter- 
century under consideration we find but a few workers at one or 
two centres engaged in physiological work. Such centres were 
the Imperial Agricultural Research Institute at Pusa, the Indian 
Institute of Science, Bangalore, the provincial agricultural research 
stations, and the University of Calcutta. 

With the general advancement of learning, greater interest » 
both philosophical and economic, was taken in the life of the plant 
and in consequence plant physiology became more and more pro- 
minent. Indian students went abroad and studied plant physiology 
in various Universities and came back to start centres of study in 
India. 

During the quarter- century, the famous Bose Research 
Institute was founded by Sir Jagadis Chandra Bose in Calcutta. 
This is a unique instance in India of a professor, devoted to research, 
who spent his life’s savings for the foundation of a research institute. 

Another notable institutional development is the foundation of 
the Agricultural Research Institute of the Benares Hindu 
University, which is devoted to training post-graduate students, 
and research in agricultural plant physiology. The impetus given 


1 Agharkar, S. P.. Joum. Ind. Bot. Soc., 4 . 18-20, 1926 ; ibid., 5, 17-18, 
1926. 

2 Sabnis. T., Jeum. Jnd. Bet. See., 10, 21-26, 1931. 

2 Singh, T. C. N.. Joum. Jnd. Bot. Sec., 5. 16, 1926 ; ibid., 9. 260. 1930 ; 
ibid., 10. 134-135, 1931 ; ibid., 12. 66-68, 1933; ibid., 13. 41-45, 1934; iWrf., 
14, 313-324. 1936 ; Free. Ind. Se. Contfr., 18. 270-271. 1931 ; ibid., 19 , 331, 
1932. 

4 Kasbyap, S. R., Joum. Jnd. Bet. See., 4 . 217-219, 1935; ibid., 4 , 
312-314. 1925. 

5 Sahni. B., Joum, Ind. Bot. Sec., 12, 50-55, 1933. 

t Hallbcrg, P.. Joum. Jnd. Bot. See., 3. J-9, 1922. 

’ Joshi, A. C., Joum. Jnd. Bot. Soe., 12, 25^27], 1933. 

S Ramachandra Rao, Y., Joum. A.S.B., N.S., 13, 209-306, 1917. 

9 Kninan, A. H. Sundar, Jeum. Ind. Bet. See., 4 , 1—17, 35—49, 1926. 

10 Mani, M. S., Joum. AB.B., SeUnce, 1, 93-108, 1936; Curr. Sot., 
3, 109, 1934. 
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to the sti^dv of plant physiology by Prof R S Inamdar in the 
B^otany Department of the University result,-,! in the ,lcvelopment 

of this Institute. ... *• 

The Institute of Plant Industry at Indore also <lc ricrvcs mention. 

as some valuable plant physiological work has l>eoii earned out m 

this Institute. . . . * i * i«*,* 

The Vivekananda Laboratory. Almora, is de voter! to plant 

ohvsioloffy under the direction of Mr. Bosi Sen. ^ 

^ The most important agency which ha« fostered research in 
nlant pbvsiolocv within recent years, however, la the Imperial 
Council of Agricultural Inarch, which has made various grants tor 

research in plant physiology. ...... i 

In addition to these new Institutions, the institutions and 
departments of botanv which existed before the period under 
review, developed study and research in plant physiology. A large 
amount of work has been produced, some of which is of fundamental 

importance. . ^ \ ■ 

Lack of apace precludes a complete list of publications being 
given here, and it is proposed to indicate here only the directions 
in which physiological investigations have progrcsacl. 

Bose' and his collaborators investigated the life processes of 
plants from the vitalistic standpoint and these studies have been 
published in the form of books and other periodic contributions. 
So far as the absorption and ascent of sap are concerned, the 
vitalistic standpoint has been aRsailed by Ekanibaram and his co- 
workers* by their study of absorption of poisons by cutshoots of 
plants. These authors do not find support for the vitalistic view of 
absorption and ascent of sap. 

Sen* has directed his attention to the study of the nature of 
protoplasm. 

Dastur* and his students and Singh* and his students have 
devoted a good deal of attention to the question of ab.sorption of 
ions by plants from cultures. As this important question has 
great economic bearing, many workers at various centres have turned 
their attention to this problem. 

Ghosh • has studied the kinetics of photosynthesis in plant* 
from the theoretical standpoint. 

Plant metabolism is another subject which rightly claimed the 
attention of a large number of workers. Our knowledge of the 


* Bose, Sir C., 0*1 the irritabifity oj Points, 1913 { The PhystQ‘ 

^y o/ the AeterU of Sap, 1923 ; The PhytioJoyy of Photo^ynthesie, 1924. 

* Ekambaram, T. and Rao. I. M-, /«d. Bot. Soc., 12. 293. 1633. 

* Sen, B,. Proe. Boy. Soc., B, 94. 216. 1933 j Proe. Boy. Soe.. B, 103. 
272. 1928 j Ann. Bot., 48. 143. 1934. 

* Baetur, R. H.. -4nn. Bot., 38. 779. 1924 ; Daatur. R. H. and Baptleta, 
E.. /nd. Joum.Agri. Sci., 1. 166, 1931 ; Dactur, E. B. and Cooper, R. E., 
Ind. Joum. Agri. Sei., 2, 99-13$. 1932. 

* Singh, B. N. and La!. K. N.. -4nfi. Bet., 49. 291, 1936. 

* Ghoah. 3. C.. Jahrbiieh. vnee. Bot., 69, 572-686. 1928. 
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working of tropical plants is not so deep as that of the temperate 
regions. Most of the workers on this problem have attempted, 
with considerable success, to throw light on the metabolism of 
tropical plants ; Inamdar may be regarded as the pioneer in this 
field. On the synthetic side of metabolism, the various publications 
of Dastur ^ also deserve mention. 

The problem of nitrification of the soil has been attacked by 
Dhar and collaborators and Subrahmanyan and his co -workers. 
Dhar * has advanced a theory of photo -fixation of nitrogen which, 
if confirmed, will be an interesting discovery, while Subrahmanyan * 
has elucidated a number of points in connection with the functioning 
of Niirosomonaa. The problem of nitrification of rice«fields is being 
studied in the laboratory of Ghosh at Dacca. 

The influence of mineral nutrients on the quality of fodder and 
grains has received fair attention during the period under review. 

On the katabolic side of metabolism, the works of Inamdar and 
co-workers Parija and co-workers* and Ranjan and co-workers * 
deserve mention. Various aspects of plant respiration have been 
studied by these authors. 

In the desire to study the physiology of economic plants, 
attention lias shifted from the pure physiological study of irritability 
to the study of movements. The impetus given to this branch of 
physiology by the late Sir J. C. Bose still operates at the Bose 
Institute. Saxton ^ has made interesting observations on nyctU 
nasty, and put forward \he theory that the night position is 
normal to plants and that nyctinaaty does not exist. Dastur* 
and his students have carried out some work on the structure 
and function of tendrils in Cucurbitace®, while some work on curva* 
tures has been done at Ravenshaw College, Cuttack. Sengupta 
has studied the rheotropism of roots. 

Work on enzymic activities also has been done In connection 
with the problems noted above. 


1 Dastur. R. H. and Aaana, R. D.. Ann. Bof., 46. 879, 1932 j Dastur. 
R. H. and Soloman. S., Ann. Boi., NS.. I. 147. 1937. . c , r j a 

s Dhar, N. R. and Seahacharyulu. E. V., Froc. No/. Acad. Sei. Ind., o. 
t»9. 193b ; Dhar, N. R. and Mukherjee, S. K.. lAW., 289, 1936. 

8 Subrahmanyan, V. and Bhaakaran. T. R.. Proc. Sat. In$t. Sc. India, d, 

^^^*4 Ynamdir. R. S.. Singh B. M. and Pande. /Inn. Bert.. 

Inamdar, R. S. and Singh. B. N., Jaurn. Ind. Bo/. 6oc., 6. 133. 1927. 

6 Blackman. F. F and Parija, P.. Proc. Roy. Soc. B. 

1928 ; Parija. P.. ibid.. 446-490. 1928 ; /«d. /ojjrn. Agn. Set.. 4, 399. 19^. 
Parija. P. and Saran. A. B., Anna. Bot.. 48. 1934; Joum. Ind. Bot. Soc., 

o^kan]^*. S.. Thesia for Doctorata, Toulouse. 1932: Ranjan. S. a^ 
Mallick. A. K.. .'lew PhyU 30. 355, 1931 ; Ranjan. S. and Khan. Z. A., Journ. 
Ind. Bo/. Soc.. 13. 17. 1934. ^ ^ 

7 Saxton, W. T , /o«rn. /nd. Bo/.. 3, 127-14:,. 192.. 11 148 

8 Dastur, R. H. and Billimona, M. C.. II. 14 » 

1932 : Dastur. R. H. and Kanga, P. M.. Ann. Bo/.. 41, 671. 1927. 

• Sengupta, J.. Zieehr. Bot.. 21, 353-98. 1929. 
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I V . Systematic Bot a n y . 

{a) Afg<e. 

The position of the study of Alg® up to 1021 wns siiny 
marked by Dudgeon' as follows: ‘ In a<ldition to a few older scat- 
tered references. Ghose* published an account of the CunnophyMv 
of Lahore and Iyengar ^ worked otit some \ olvoenrfifr. of Madras, 
but very little U know about the other groups of Algffi occurring 

in India/ , ^ r* 41 1 

Since that time a large amount of work on Indian AJg® has 
been carried out bv the staffs of various Universitica and by students 
working under their guidance. A review of the work done up to 
the year 1928 was given bv Ivengar * in his Presidential Address to 
the Botany section of the 15th Indian Science Congress at Calcutta, 
The work on Freshwater Alg» during the years 1928-1952 was 
8 ummari 2 ed by Ghose « in his Presidential Address to the Botany 
section of the 20th Indian Science Congress at Patna. It is, there- 
fore, only necessary here to refer to the trends of algologioal work 
in India as revealed by recent literature. 

Work on Algc is being done mainly at Madras under I^rofessor 
M. 0. P. Iyengar, at Lahore under Dr. S. L. Oho.se, at Calcutta by 
Dr, K. Biswas and by Mr. J. C. Banerji of the Calcutta University, 
by Mr. Handa at Rangoon, and by Professor Y. Bharadwaja at 
l^nares. Other workers are Professor B. C. Kundu of Rajahahi 
and Dr. B. P. Pal of New Delhi. Mr. S. C. Dixit of Bombay, the late 
Mr. James Groves, and Mr. G. O. Allen, all of whom have confined 
their attention to the Charophyta. 

The work at Madras is of a varied character, various groups of 
Alg«, includii^ the marine types, being investigated. Of the 
Calcutta workers. Banerji is mainly engaged in a study of 
Myxophycesa of Bengal. Biswas has studied the Myxophyce*. 
Deamids, Diatoms and other groups of freshwater Algia. Kundu 
and Pal have studied the Charophyta of Bengal and Burma respec- 
tively. Ghose and his collaborators have been working on Myxo- 
pbyoess, Chr 3 r 8 ophycett, Chlorophyce®, and other groups from the 
Punjab. Bbaradwaja is a student of the Myxophycese. 

Abdul Majeed ® has studied the Diatoms of the Punjab plains. 
Nirula has been working on the Alge from Nagpur. Borgessen, ® 


‘ Dudgeon, W,. Joum., Pm. A.SM.. NS.s 18. 100. 1922. 

^ OhfOSOy S. L., Joiim. /nd. Boi.^ 1, ^13, 1919. 

5 Iyengar, M. O. P., Joum. /nd. Bot.. 330-336, 1920. 

* Iyengar, M. O. P., Proo. /nd. 5c. Conttr.. IS. 207-222. 1928. 

» OhoM. S. L., Proc. Ind. So. Congr., 20, 279-290, 1033. 

_ « Abdnl Majeed. M., Joum. Proe.A.S.B., N.S., 29. 307, 309. 1933 ; Curr. 

Soi., 3, 626. 1936. 

^ Kinila, R. L.; Proe. Ind. Sc. Congr.. 18. 268-259. 1931. 

® Borgeeeen, F., Jcum. Ind. Bot. See., 9. 151-174, 1930; 11, 51-70. 
1931 : 12, 1-16, 1933 : 10, 1-56, 311-358, 1937. 
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who visited the western coast of India recently, has described 
many AIgse from the Malabar coast and South India ; his account 
forms the most important contribution to our knowledge of the 
Marine Algse of the Malabar coast and South India up to now. 

Much of the work is systematic and descriptive, but there are 
indications of ecological and life^history studies being undertaken. 


(6) Fungi. 

Myco logical work is being done in India by the Imperial 
and Provincial departments of Agriculture and the Universities. 
As Dr. Bums has summarized the work done by the Agricultural 
departments in the Chapter on the Progress of Agricultural Science, 
it is necessary to refer here only to the work done in the Indian 
Universities.' 

Among Indian Universities which have more particularly 
turned their attention to the study of Fungi are the Universities of 
the Punjab. Agra, Allahabad, Calcutta and Lucknow. 

At the Botanical laboratory in Lahore, H. Chaudhuri and bis 
students have worked on a variety of Fungi including Soil and 
Aquatic Fungi, slime moulds and mycorrhiza, bacteria and certain 
bacterial diseases, including the bacterial diseases of wheat. 
Chaudhuri has also publish^ a report on the Citrus diseases of 
the Punjab. 

Fungus work in Allahabad has included: (o) collection and 
identification of Indian Fungi, (6) determination of the nutritive 
value of natural media prepared from Indian fruits and vegetables, 
and (c) detailed cultural studies. K. L. Saksena, J. Mitter and 
Tandon, and H. Sydow and J. H. Mitter have also published various 
descriptive lists of Indian Fungi in which several new genera and 
species have been described. B. K. Saksena has also publish^ 
the results of his studies on the c3doIogy and biology of certain 
species of Pi/thium. 

At Agra K. C. Mehta has been doing very important work 
on the annual recurrence of cereal rusts in the plains of India, 
which, according to him, is due to windblown uredospores di^ 
seminated from the hills where they oversummer. He has found 
that as far as the plains are concerned, BerUris and Tkali^rum 
seem to play little part in the annual outbreaks of black and brown 
rusts. The number of physiologic races of each of the three rusts ot 
wheat met with in India so far is very small as compared to most 
of the other wheat-producing countries, Further the area under 
wheat in the hills, where rusts oversummer is very small, being 

not more than 5%. - 

Mehta, therefore, considers that the possibility ot con- 
trolling ru.sts is infinitely greater in India than elsewhere. 


1 Mitier, J. H., Proe. Ind. Sc. Con^., 21, 221-245, 1936. 
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Destruction of self-sown wheat plants and tillers, ami suspension of 
wheat cultivation for 2-3 y<>arsi5 0 no method, and the cultivation of 
rust-resistant varieties only in the hills is the other. Since 1^3^^ 
these investigations have been financed by the Imperial CV>uncil of 
Agricultural Research and a )alx>rAtory is maintained at Simla for 
the purpose. 

In the Calcutta University, S. R. Bose has been studying the 
Polyporace® of Bengal for many years. He has also stii<lie<l the 
biology of wood rotting fungi, the sexuality of the Basidiomycctes 
and the effects of radiation on some Polypores in culture. Banorji ' 
has published descriptions of the Thelephorace® and Hydnacc® of 
Bengal. 

Daagupta * baa published interesting work on the phenomenon 
of Saltation in Fungi, based on his studies of species of Cyto^porim, 
Phomop»i8 and Diaportht. 

Ajrekar * has done a considerable amount of work on various 
diseases of crop plants (referred to in the chapter on Agriculture) and 
also on the Mucorine® of Bombay, and other pathogenic fungi. 
Narasinham * has studied the Phalloide® of Mysore. Other work 
on a variety of topics in reference to Fungi is also being done at 
several centres. 

The publication of their work on * The Fungi of India * 
by Butler and Bisby ^ in 1931 is an event of great importance 
for the systematic study of Fungi. After a short historical 
account, a list of 2,360 species of Fungi recorded from India is 
given, together with the localities from which they were collected 
and their host plants. Full references to literature, a list of 
synonyms and other names applied to them, a complete biblio- 
graphy and a host index, which have been added, make thi?< 
publication invaluable to students of this group. 


(c) Lich€n$. 

The only publication dealing with the Lichens of India published 
during the period is Chopra's * * Lichens of the Himalayas Part I. 
Chopra has also studied the Lichens of Simla and Vaishno Devi 
(Kashmir). 


) Baneril, S. N., Joum. Jnd. Bot. Soc., 14, 13-4S, 1935 ; Curr. Sei„ 2. 
478 479, 1934 ; Ann. Afyc., 34, 76-78. 1936. 

^ Dasgupta, S., Lucienouf Univ. Studies, S, 1936; Phil. Trans. Bay. Soe. 
223. 121-161. 1934. 

* Airekar, 8. L., Joum. Ind. Bot. Soe., 10. 195-204, 1931; ibid., 11, 
127-131, 1932. 

* Naraainham, J., Joum. Ind. Bot. Soc., 11, 248-254. 1932. 

^ Butler, B. J. and Bisby, Q. R., Se, Mon. Imp. Council. Ayr. Res.. I , 
1981 . 

^ Chopra, G. L., PM. Bot. Dept. Punjab Univ., 4. 1934. 
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(rf) Bryophyta. 

The most important work on the Liverworts of India during 
the period is by the late Professor S. R. Kasb^’ap 

V rwo students. A large number of papers were 

published by him on * New and little known Lirerworts of the 
Western Himalayas and the Punjab which led finally to the 
publication of the * Liverworts of the Western Himalayas and the 
Punjab plains', Parts I* and II.* Associated with him were 
several of his students, Messrs. R. S. Chopra, B. L. Sethi and others. 
In his Presidential Address to the Botany section of the Cth Indian 
Science Congress at Bombay he discussed the relationships of the 
Liverworts in the light of some recently discovered forms. He* 
later also discussed the liverwort flora of Sikkim. 

Pande * has studied the liverworts of Nainital and the adjoining 
hills, and some epiphyllous liverworts from South India and has 
reviewed the literature on the subject. In 1936. 

Kbanna ^ has studied the Marchantiales and Anthocerotales 
of Burma and described some new species. He has also published 
descriptions of two new species of Anthoceros from Travancore. 

Tiwary* has studied the germination of the spores of 
Cyathodium» 

Sedgwick * studied the mosses of the Bombay Presidency and 
published the results in the Journal of the Bombay 

M 0 sees Natu ra \ History Soc iety . In several pa pers D i xon 

described the mosses collected during the Abor Expedition and 
those from Southern India. Ceylon and other parts of India. 

BrOhl’s ‘ Census of Indian Mosses ’ based on Brothcnis’ work 
in the ‘ NatQrlichen Pflanzenfaroilien ’ 2nd ed. (prepared in 1924 but 
published in 1931) summarises our knowledge of the Indian mosses 
and their distribution up to that year. As a result of this census he 
arrived at the interesting conclusion that there is a marked division 
line between the Western and the Eastern Himalayas. * This 


1 Kaahyap. S. R.. New Phyt., 13. 206. 1914 : ibid.. 13. 306. 1914; iW.. 
14 1 1915 ; Joum. Bomb. Nat. HiM. Soc., 24, 343, 1916 j Joum. Bomb. Nat. 

But. Soc., 25. 279, 1917. . ^ r, . , 

2 Koshyap. S. R.. Ptibl. Bot. Dept. Punjab Untv.. 1. 1929. . , . 

3 Kashyep. S. R. and Chopra, R. S.. PM.Bot. Dept. Punjab Vniv., 2, 

1933 

* Kaahyap. S. R., Proc. Jnd. Sc. Conyr., 6. cUi-clxvi. 1919. 

Kaahyap, S. R., Proc. Ind. Sc. Cangr., 17, 287, 288, 1930. , . d , 

e Pande. S. K.. Proc. Jnd. Sc. Congr., 18. 264. 1931 ; Joum. Ind. Bot. 

Khanna, L. P., Joum. Burma Bee. Soc., 16. 227-229. 1027 ? 

270-282, 1927 ; Joum. Ind. Boi. Soc., 8. 118-126. 1929; tbtd., 15, 235-240, 

1936 : Jo urn. Bomb. Nat. Biot. Soc., ..«. 

t Tiwarv N. K., Joum. Ind. Bot. Soc.. 14, 167-171, 1935. 

9 Sedp^ck, X>. J., Joum. Bomb. Nal. 

10 Dixon. H. N., Bee. Bot. Surv. Ind., 75-89, 1914. 

H BfOhl, P., Bee. Bot. Surv. Ind., 13. 1-135 ; tbtd., 1-152, 1931. 



AGKARRAR: «OTA^^Y. 


755 


division line appears to be sltimted wliere the sinylo mam eliam of 
mountains in the Eastern and Central parts breaks up into several 
chains in the west, the moss flora in the latter ri^jon bemy closely 
related with those of Xorfhem Persia, the Caiieasus atul the Alps, 
whilst the Eastern region shows affinities nn the one hand with 
Southern India and Ceylon, on the other hand with Burma and 
Malaya.' BrOhl and Sarkar * also puhlished cleseription.s of .some 
new species of mosses from Beii>£al. 

Badhwar* has studio<l the distribution of the mosses ui the 
western Himalayas and the Punjab plains, (iupta^ deseribcd a 
new species of Phj/scomiirelhpfiis from Bemms. Sinlia ♦ ha.s 
studied the mo.sses of Naini Tal. .Sinph* and Majumilar* have 
Investigated vegetative reproduction in some Indian mosses. 


(e) Ftcrifioi*hfffa. 

Kashyap’ made an important contribution to oiir knowledge 
of the group bv his Investigation of the gametophyte of Eguisrium 
dtbiU. ^thi ® made further contributions to the same subject, 
while Phatak® has studied various aspects of the gametophyte of 
E^u*>cft<m dtbiU var. PosAou. 

N. Chowdhury published an important paper on * Notes on 
some Indian species of Lycopo<liuiii with remarks on the distribu- 
tion of that genus in India * in which hodiscussecl their distribution, 
anatomy, modes of vegetative reproduction and epidermal structure. 
I^Iahabaie “ has reported the discovery of the prothallus of 
Lycopodium Cernvum from Karan 2 ol on the Portuguese West India 
Railway. 

Miss Bancroft studied the formation of peremiating tubers in 
two species of SdogintUa from the Himalayas. Majumdar 
described the anatomical structure of some Selaginellas from the 
point of view of the Stelar theory. Ghose ** baa recorded the pro- 
liferation of the cone in a species of from Garbwal. 


i BrOhl. P. and Sarkar, N.. Joum. Dept, Sc. Cal. Univ., 10, 1-12 » 
1920. 

* Badhwar, R. L.. Proc. Ind. Sc. Conyr.. 17, 2S6, 19S0. 

s Gupu, K. M., Jaum. Ind. Set. Soc. 12. 122-128. 1033. 

* Sinha, B. N.. Proc. 2nd. Sc. Conyr., 18, 2S6, 1931. 

* Sinsb, T. C. N., Prcc. Ind. Sc. Co»<if.. 18. 205. 1031. 

* Majumdar, G. P., Proc. Ind. Sc. Conor., 20. 307. 1033. 

7 Kashyap, S. R., Ann. Bat., 28. 163-181, 1914. 

« Sethi, M. L.. Ann. Bot.. 42, 720-38. 1028. 

« PhaUk, V. G., Proc. Ind. Sc. Conor., JO, 308, 309, 1032 j Proc. Ind. 
Sc. Conor.. 20. 308, 1053. 

Chowdhury, N., Trane. Nat. Inct. Sc. Ind., 1, 187-226, 1037. 

Mahabale, T. S.. Joum. Ind. Bot. Soc.. 16, 145-140. 1037. 

Bancroft, N., Ann. Bot., 28, 685-693, 1914. 

Majuradap, G. P., Proc. Irui. Sc. Conor., 18. 268, 1931. 

Ghose. S. I/., Joum. Bom. Nat. Bict. Soc., 24. 616, 1916; Proc. Lahore 
Phd. Soc., 2, 1-9, 1920 : Proc. Irui, Sc. Congr., 19, 308, 1932. 
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Ekambaram and Veukatanathan ^ hare studied the 
sporogenesis in I90ttc9 coromandelina. has described the 

morpboIogN' and anatomj' of a form of I sotted from Benares. 

Sahni ^ iias discussed the theoretical significance of some 
abnormalities in the sporangiophores of the Psilotaceee. 

D'Almcida ^ has studied the Indian Ophioglossums. 
Vasbisht ^ investigated the comparative anatomy of several species 
of 0phioglo9sam. Maheswari and 8ingh • have studied the mor- 
phology of 0phioglos9um jihrosum Sebum. Dixit» Mahabale 
and Heshpando ’ have studied the germination of the spores, mor- 
pbology and variability in the species of Ophioglossiim occurring 
near Poona. Mahabale ^ has described the garnet ophytes of several 
.species of Opkiogloisum from Poona. 

The cytology of Osmunda and Doodia was described in several 
papers by Sarbadhikari.* The occurrence of superficial Sori in 
Osmunda claytoniam has been noted by Chowdhuri.^® 

Hans Raj studied the anatomy and development of the sporan- 
gium of Lygodium japonicum. Cheema studied the leaf-trace in 
the Poly pod iaceae. Mitra ** investigated the morphology of some 
species of Pteris and Adiantum. The anatomy of several Mussoorie 
ferns has been described by Singh. Singh also studied the 
ferns from the Naini Tal district and described the ventilating 
system of certain Indian ferns. 

Biswas has studied the ferns and fern* allies of Burma. 
Blatter and D 'Almeida have published an account of the Bombay 
ferns. 

Pande studied the biology of Marsilia sroso from Lahore. 


l Ekainbaram, T. and Vcnkatanclhan, T. N., Joum. Ind. Bot, Soc., 12, 
101-225, 1933. 

S Misra, R. D., Proc. Ind. Se. Congr., 22, 254. 1035. 

3 Sahrd, Ji.. Joum, Ind. Bot., 3, 185-191, 1023. 

♦ D’Ahsaida, J. F., Journ. Ind. Boi., 3, 58—85, 1022. 

A Vaahiaht, B. R.* Journ. Ind, Bot. Soe., 6. 8-30. 1927. 

• Maheswari, P. and Singh, B.. Journ. Ind. Bot. Soc., 13, 103-U4, 

Pixit, D. L. and 5Iahebal«, T. S., Proe. Ind. Se. Con^jr., 21, 290, 1934 ; 
ibid., 21. 300, 1934; Mahabale, T. 8. and Deehpande, G. S . Proc. Ind. *c. 

S., Proc. Ind. Se. Congr.. 24, 204-85, 1937. 

9 Sarbadhikan, P. C., Ann. Bot,, 38, 

Chowdhuri, N. P., Fr<N:. Ind. Sc. Congr., 19, 307. 1932. 

H Hana Raj, Proe. Lnkore Phil. Soe., 4, 29-48, 1923. 
n Cheema. G- S.. Proc. Ind. Se. Congr.. 6. cbcix. 1919. 

13 Mitra. M.. Proc. Ind. Sc. Congr.. 6. 1919. 

1 » Singh. T. C. N., Proc. Ind. Se. Coi^r., 15, 233 J 928. 

Singh, T. C. N., Proc. ind. ^Sc. Congr., 18, 268, 1931 ; itid., 19, 309, 

193^ 

"io Biswas, K. P., Proc. Ind, So. Congr., 22, 255. 1936. 

J7 Blatfor. E. and D’Almeida, J. F., The FerM o/ Bemtay, 1922. 

18 Pande. S. S., Proc. Lahore Phil. Soc., 4, 1-28, 1923. 
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Kolhatkar* described the sporogeiicHls, iiuilo jiurnotopliytc and 
Spermatogenesis of a J^Iarstfia from Pootia. 

Mehra * ftt«dle<l the prothalli of several lcjitosjK)rangiute foriiJ*. 
Pandit and Malay* Investigatwl an Azofla rr<nn Kliiiridala. 
Majumdar^ has published a list of the ferns of 


(/) Gi/mno^jt^rms. 


During the (>enod under review a fair amount of work relating 
to the study of the life-history of various species of Gyninospenns 
has been done in India. Salmi* piibliaho<i on important paper 
‘On the structure and aftinities of Acmopkr/U PattcJt^ri Piiger 
and later* described certain features in the seed of T<rrus bnccata 
and their bearing on the antiquity of the Tnxincs. 

Saxton ^ published a note on the life-history of Ce</rus Deodara. 
This materia) was later on studied by Inder Nath * who published 
a short account of the * Life-history of Cedtu^i Deodara A further 
contribution on the same subject was published by Joliri,* who 
described the development of its pollen graii^. 

Ghose ** studied the morphology* of Agalhis ovata, and dis- 
cussed the origin and relationships of the Araucarines. 

Sahni and Mitra described the vegetative structure and female 
organs of four species of Da^rydium from New Zealand. 

Sethi studied tlie life-history of Pinva f^gifotia. 

Kashyap’* described a number of abnormalities of the sporo- 
pbylls of the male cone of CgctM circinalia. 

described the life-bistory of Thuja occidentalia. 
Sahni and Singh ** described the vegetative anatomy and female 
cones of Filzroya palagonica Hook. 

Several workers have studied the anatomy* and life-history of 
Ephedra folkUa (^ptduncuiaria). Jagan Nath and Chopra'^ 


i*nJS*^^^‘**^“*’* 21. 301. |<134; ihul., 24, 

204» 193T. 

* Uehra» P. X„ Proc. Itul. Sc. Con^r., 19, 307, 1932. 

I B. R. 3t B. N. Mulay, Froc. /nrf. Sc, Ccftgr.. Ig. 207. IMl. 

« Majumdar, G- P.. Free. Inti. Sc. Congr., 20, 308-9. 1933. 

* Sahni, B., Phil. Trottc. R. See., B. 210, 203>3I0. 1920. 

« Sahm, B., Ann. Bot., 34. U7-13S. 1920. 

^ Saxton, W. T.. ^ourR. tnd. Bet., 3, 90, 1921. 

J In^r Nath. Free. /«<#. Sc. Congr,, 13. 218-19, 1920. 
in iu *’ -4«arf. Sc. B. 3, 243-07. 1936. 

II ®* InJ. Bot, Soe., 4. 79-86. 89-100. 1924. 

It c ?• MUra. .4«n. Boi., 41. 7&-89, 1927. 

ibiit la 91 R tko.;’ Congr., 8. clxxix, 1921 1 ibid., 9, 110, 1922 j 

- in 1 ; Bot. $oc., 7, 100-61, 1928. 

14 CT deurn. ind. Bet. See., 4. 312-314. 1920. 

1 ft 5^ . Bur«R. Res. Sec,, 16, 214-29. 1927. 

to* 189.90. 1923. 

cnopta, R. L.» Free. Ind. Sc. Congr., 16, 228-27. 1929. 
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studied the seedling anatomy, while the latter ^ also described the 
morphology and anatomy of E. foliata and E. disttKkya. Mehra * 
studied the male gametopbyte and chromosome morphology of 
E. foliala and E. gerardiana. Maheswari * later described in 
greater detail the male and female gametophytes of E. foUata. 

Sampathkumaram * has studied the life* history of Qneium 
scanden^. Besides these life- history studies several authors have 
recorded abnormalities and galls on various members of the 
Gymnosperms in India. 

Biswas* has published a list of the livii^ Conifers of the 
Indian Empire and discussed the distribution of the wild conifers 
of India. 

( 9 ) AngiO^ptma, 


During t lie period under review considerable progress has been 
made in the publication of the floras of the various provinces of 
India. The flora of the Upper Gangetic plain, commenced by 
Dathie • and continued after his death by R. N. Parker is nearing 
completion : onJv the Gramine« part yet remains to be published. 
The flora of the* Madras Presidency commenced by Gamble’ and 
continued by Fischer after his death, was completed in 1935. 
Haines * published an account of the ‘ Botany of Bihar and Orissa , 
accompanied by a general part in which he discussed the general 
character of the flora and its ecology. The publication of a flora 
of Assam by Kanjilal,* Das and others has also been commenced. 

Several floras or lists of species occurring in smaller areas have 
also been published. Of these the following may be mentioned ; 
Smith’s account*® of the vegetation of the Zemu and Llonakh 
valleys of Sikkim and of the alpine and aubalpine vegetation of 
south-east Sikkim; Fyson’s** Flora of the Nilgiri and Pulney hill 
tops which was enlarged later into the Flora of the South Indian 
Hill stations ; Blatter’s Flora of Aden.» Flora of Arabia.** Flora o t 

1 Chopra, R. L., Free. I mi. OV. Comjr.. 16. 225. 1929. 

2 Mehra. P. N., Proc. In</. Se. Congr., 21. 301. 1034; tbxd., 22, 256.57, 

5<«.. 1*. 2*^7. r- 

j’. *F*and Parkir, R. N.. Flora of the Upper Oangetic Plain. 3, 

’ J. S. and Fiacher. 0. F. C., Flora of the Presidency of Madro,. 

8®lUines. H. H.. The Botany of Bihar ^ "Jri’i 1-184 

9 Kanjilal. U. N.. Kanjilal. P. C. and Daa. A., Flora of Assam. 1. 1 18 , 

Smith, \Y. W.. Bee. Bot. San. /«d.. 4. 1911 ; 1915-20; 

»i Fyson. P. F., Flora of the Ntiyri and Pulney HtU lops. 

Flora of (he South Indian Bill SlatioM, 1-2.193.. 

12 Blatter. E., Flora of Aden. Bee. Bot. Surr. Ind., 7. 1916- 

13 Blatter, E., Flora Arabtoa, Rtc. Bot. Surv. Ind., 8. 1419-35. 
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N Coimbatore > and Flora of Cufch * ; Blatter and Hallbcrg’s 
Flora of the Indian desert’ and Flora of the Persian Beluelnstan 
and Mekran*: Blatter, Hallberp and McCanns-’ contributions 
towards a flora of Baluchistan ; Annandale and C'arters '' notes on 
the vegetation of f^iatan r Sabnis' ’ Flora of Rin<^ : Bnrkil s notoft 
from a journey to Nepal ® and Botany of the Abor Expedition : 
Mavuranathan’s Flowering Plants of Madras City : Kashyap and 
Joshi’a Lahore District Flora : and Raxton and Rotlirwiok a * 
Plants of Northern Gujarat. 

A revision of the Flora of the Boinimy Presidency was umlor- 
taken by E. Blatter, and several parts have been published. 
Cakler, Ramaswami and Narayanaswnmi have published a list of 
^cicft and genera of Indian Phanerogams no! included in Hooker s 
riora of British India. 

Forest floras, dealing mainly with the trees and shrubs and 
woody climbers, have been publishe<l for Chota Nagpur, and the 
Southern circle of the Central Provinces by Haines, for Kumaon by 
OsDiaston.^*' for Gorakhpur. Phillbit, Ou<lh and Bundelkhand by 
Kanjilal,’* for the Punjab, Hazara and Delhi by Parker.’* for the 
Andamaivs by Parkinson.’^ and for the Berara by Witt,^ 


1 BUtUr, E.. Flora of North Coimhatort. Journ, Bomb- Nai. Bift- Soe., 
17, 1907. 

* Blatter. E.. Flora o/Cufeh^ Journ, Bomh. Xot. Hitt. Soc., 19, 1908, 

• Blatter, B. and Hallberg. Flora of thr !»tfian Dwerf, Joum. Bomb. 
Naf. Hut. Soc., 26, 1919. 

* Blatter. B. and Hallberff. Flora of PcrMint^ Beluchulan and Mcicran, 
Joum. Bomb. Nat. Hut. Soc., 25. 1018. 

^ BlaU«r, £., Hallberg, F and McCann. C.. ./eum. Ind. Bot. Soc., 1. 

1919. 

• Annandale and Carter. H. O.. «/o«rn. Pror. A.S.B,N.Sc., 15, 207-297, 

1919. 

^ Sabnia. T. S.. Joarn. ind. Boi. Soc.. 3. 1923 : ibid., 4, 1924. 

• Burkill. I., Bcc. Bo/. Surv. /nd.. 4. 1910. 

* Burkill. I., Bcc. Bot, Surv. /m/.. 10. 1024. 

Mayuranathaii. P. V., Bull. .Madras Oovi. Muj>., NJS., 2, 1-345, 1929. 
Kashyap. S. R. and Joahi, A. C.. Lahore OUirict Flora, Lahore. 1930. 
Saston, \V. T. and Sedgwick. L. j.. Bee. Bot. Surv. Ind.. 6. 7, 1918. 
Blatter. E.. i/ourn. Bomb. Not. Biol. Soc. (Appearing in par(a of which 
more than 20 have been publiahed). 

^4 Calder, C. C., Ramaswami. M. S. and Xnrnvanaavami, V., Rtc. Bol, 
Surv. Ind., li, 1-195, 1920. 

Hauics. H. H., A forcot flora of Chota Naopur, Calcutta. 1010 ; Lut of 
Trtu. eArwba tand toonomie herb* of the S. circU of Central Provineoo, 
Allahabad, 1916. 

A. E., A forcH flora for Kumaon, Allahabad. 1927. 

_ Kanjilal, P. C., A forest Jlort of Philibit, Oudh, Oorakhpur and 

Bundelkhand, Allahabad. 1933. 

n Parker, R. N., A forest flora for the Punjab, urith Bazara and Ddhi, 
L^wra. 191S, Sad ed., 1924. 

M ^ffkiziaon, C. E., A forest flora of the Andamans, Simla, 1923. 

» Witt, D. O., ForosI flora of the Berar circle. 1908 ; Descriptive list of 
Ch'mbefe ond eeonemte Aer6e of Norlhem and Berar circles of 
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Various authors liave studied critically the species of severdl 
genera and described new species. Of these mono^aphic studies 
Beccari’s' monographs of Indian Palms, Fyson^s - species of the 
Indian Eriocaulons^ and Blatter’s® revision of BvieOy Termin/iUa 
and otlier genera, and Blatter, McCann and Bhidc’s * Bombay 
Grasses are good examples. 

Space does not permit giving a complete list, but among 
others may be mentioned a Weed Manual of the Gwalior State by 
Konoyer ® and lists of exotic plants by BrtthI,® Kashyap,^ and 
Raizada.* 

\’ . Pal ->:obot a n y . 

The publication of the great work entitled * The fossil 6ora 
of the Gondwana system’ (1877-66) based chiefly on the work 
of 0. Feistmantel forms the basis of our knowledge of Indian 
fossil plants. In 1902 Zeiller published a revision of the lower 
Gondwana or Glossopteris flora, which was followed by a 
monograph of the group by Newell-Arber, based on the collec- 
tions available in the British Museum. In a series of contribu- 
tions (1905-1912) Prof. A. C. Seward published accounts of the 
newly discovered Glosaopteris flora of Kashmir, the upper 
Gondwana flora, and the Jurassic flora of the Kajmabal hills 
with its dominant element of fossil Cycads, conifers and feme. 
In 1920 Seward and Sahni published a memoir on a revision of 
Indian Gondwana Plants. 

The position of Indian Pal»obotany up to 1921 ^ was reviewed 
by Professor Sahni in his Presidential Address to the Botany section 
of the Indian Science Congress in Calcutta in that year. Prof. 
Sahni summed up the position of the study of fossil plants at that 
time as follows t— 

1. The subject of Indian fossil plants was originally treated 
chiefly from the geological standpoint, and viewed in this light it 
contributed results that were of value to geologists. 

2. The study of the subject from the special view -point of 
the botanist is an event almost entirely of the present century, but 


» Beocari. 0-. Ann. Rot/. Bot. Gard, Caicutta. II. 1911-14 j 12, 1918-21 ; 

V^Fysou, i*. h\,Journ. Ind. Bcf.. 2, 133-150, 102-207, 259-206, ,107-320, 

8. 133-13H. 1920; ibid.. 8. 245-262, 

*■*4 Blatter. K.. McCann, C. and Bhide. R. K.. Nc. Motwornph. Imp. 
< 1-324. 1 93.5. r. . 

^ Kcriovor, L. A.. mannai of OuaUor 6ta(e. CalcutU, 1924. 

Rrilhi, P.. Jouni. Proc. AB.B., .Y.5.. 4. 603-658, 1008. 

7 Knshyap, S, B., /«d. 3. 68-71, 1922. 

Rnitada, P.. Ind. Bot. Soc.. 14, 330-349, 1935 j 18. 

149-167, 1936. ^ ^ 

9 Salmi, B.. Proc. Jnd. Sc. Congr.. 8, chi-cbcxv, 1921. 
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even this brief aot|uamtaiicc from a diffcTciil * un^lc of vis ion ’ han 
shown the importance of the ovolulloimrv as|«'c*t. 

3, Our knowletlge U practically coniined to impress ioim. 
These, although of great value to those Interested in t'^’^^grapfihul 
distribution, do not often yield results of mtirpho logical valiu\ l^ut 
the continued investigation of all spec i mens in which the eutrcnlur 
or sporangial structure is preserved is bound to be a fruitful line r)f 
work. 

4. At tiie same time, the soarcli for potrifuctions Mhuuiri ho 
continued with unabated energy, for after all, these are the nuist 
useful relics for the students of Botany. 

3. The greatest gaps in our knowledge are in the earliest and 
most recent fossil plants, Any discovery of plants older than the 
Carboniferous glacial period would be of especial intcrcNt : n further 
search in tho Po Series of rocks in Spiti In which Dr. Hayden <li«- 
covered a few plant ‘roma ins, would probably well repay the trouble. 

G. It is now time that a systematic description and illustration 
should be attempted of the accumulated material of tlic Tertiary 
and Post-Tortiary plants of India. 

From tho account of palsobotanical work in India given below 
it will be seen that a considerable advance has been maeV in nearly 
all directions. This account is mainly based on Prof. Sahni^a 
Presidential Address to the Botany section of the Silver Jubilee 
Session of the Science Congress. 

A recent revision of a small Rbacopteris dora from tho baml 
p . ^ part of the Po Series of Spiti, known as tho Thabo 

zolc^Floraa°' ®tage, has shown that this llora is definitely of 
Lower Carboniferous age, as opposed to the view 
of prominent Indian geologists that it was middle Carboniferous. 

Tho exact relation of the Gondwana flora to tho Ice Ago from 
The Gloss which it emerged has been a much debated 
terls Flora * question. In this connection Miss VirkkiV ^ recent 
disco ver>’ of a two* winged pollen- grain Piitjos* 
pQriUA aniartxcu4 (which is now regarded as probably belonging to 
Oloi^pUrU) from carbonaceous shale collected by Mr. E. R. Gee at 
^thwai, in the Salt Range is of unusual interest. The same spores 
have now been collected from beds only 1 J feet and 4^ feet above 
w boulder bed which indicates that in the Salt range at least the 
Glossopteris flora was contemporaneous with the carboniferous Ice 
Age. 

Large collections from a number of localities in this region 
The FI f recently been made. These include abundant 

the Rajm^hal remains, which has enabled a study of the 

Series anatomy of T<gniop(€ri4, Plilophyllum^ WiUu^m- 

aonia and other genera. They have also mode it 


‘ Virkki, C. (Hiss). Proc. Ind. Acad. Se. B., 6, 428-31. 1937. 
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po^^r^ible to recognize, as parts of one and the same plant, leaves, 
stems, Rowers and other detached organs which have long been 
knowti under distinct generic names. 

The detailed examinatioD of these plant remains suggests that 
Tceftiopleris sfxUulnta represents leaves of a cycadeantype borne on 
short cylindrical shoots, which represent younger branches of Pen- 
toxylon stems, with a distinctly coniferous type of wood. Similarly, 
it has been proved that Ptilophyllum cf. Cuiehense were leaves, borne 
upon stems known as Buchlandta rndtea, which bore flowers of the 
Willuimsonia type. 

The discovery by Jacob * of SagenepUris or leaves recalling 
Sf^enoptene in t lie Itajmahal Flora may be considered as the flrst 
discovery of the OaptoniaUs in India. In the same flora Rao* 
has found two»wmged pollen grains which may belong to the 
Caytoiiiales, though others are probably coniferous. 

A peculiar fructification found closely associated with the 
SagenepUris has been Sakrislrobus. Another fructification of 
unknown affinity has been named Rajtnahalia and provisionally 
referred to the Bennettitales. 

From tills same area has been discovered long ago but only 
recently described, a petrified wood Homoxylon rajme^fdeneief 
wfucli is interesting owing to its resemblance to the wood of some 
fossil Cveads on the one hand autl that of some primitive dicoty* 
ledons belonging to the modern Magnoliales on the other. 

Quite recently Dr. Heron and Mr. P. N. Mukherjec have dis. 

covered from the Himmatnagar sandstone in the 
A Weaidean HtAte in Western Rajputana, two widespread 

genera of Xcrophytic ferns, Mafonidium and 
Weichaelia, showing the extension of the WeaWean 
flora (Cretaceous) into Imlia. . . 

Prof. L. Rama Rao * has discovered an algal flora containing 
members oPseveral existing families of sea weeds 
Cretaceous marine limestones of Niniyur in the Trichi- 

Marine Alg®. ^opoly district which has been described by J. Pia.® 
It has been suggested that these alg» lived in the sea towards the 
close of the cretaceous period. , 

From the Eoconc of Sind, Walton * has described a TnpU>p^eiia, 
a member of the modern family Dasycladace®. 

Tertiary Some alg® from the Numraulitic beds of Cherxa* 
punji were assigned to Lithotkarnnium by the late 

Prof. H. C. Dasgupta.* , , • ♦un 

CJiaraceous fruits have been described from batisar in tne 

Chhindwara District and from the Rajamundry area. In tuo 


’ Jacob, K.. Froc. Jnd. Acad. Sc. B, 6. '3-00. 1937. 

2 Roo, A. R., Froc. I»d. Sc. C^fr.. 23. 304, 1936. 

3 Rama Rao, L. and Pia, J.. H 

4 VValtcm, J.. Rec. Ocol. Surv. ind.. 56. 813-19, 

DttsgopU. H. C., Journ. Dept. Sc. Cal. Vniv.. 8, 1-10. 1926. 
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latter area, the Mysore geologists. Narayaii Rao and Sripnda Rao 
have discovered several genera of nianne alg«, induclmg Aocufnna, 
NeomerU Q.nd Hohsporelt^. 

This flora Is of unique interest and mcliides rcq»rc'sc‘.ntuti\es ol 
Af th* nearly flU the major groups of the plant kingdom. 
Deccan Inter* The plants are mostly sillelfie<l. and their structure 
trappean Beds js often verv well prcsorvr<l. ^ 

As the result of a fresh study by Salini, Srivastava and H. S. 
Rao of many of the old specimens and of fre.sh eollectkuis from a 
uurabar of ne\v localities (by members of the (Soological Survey, by 
Professors Rode, Agharkar and Parija, by Mr. Shukla of Nagpur 
and others) the conclusion has born dru'vn that a flora wliicli in* 
eluded the Water Fern Azclla, and an overwhelming pro* 

portion of palms, could not have flourished in Cretaceous timeH; 
it was undoubtedly a younger flora. Tfiis has hwn further sup- 
ported by the find of the sea weed Acintlana from the basal 
intertrappeaas near Rajainundry by Narayan Rao ami Sri pa da 
Rao. 

As the result of his study of the anatomy of modern palm stems, 
by a special technique developed by him, Kaul ' of Lucknow has 
discovered several criteria, chiefly from the ground tissue, on which 
a natural classification of palm woods could bo based. It has thus 
been possible to show that the fossil species Pal/nox>/lon coronal urn 
is anatomically a Borasstu, Pahnoxt/hn tnathuri is a Baclri/i, and 
that Palmo;ty^n euwlarnm is a Cocos. 

The tertiary plant-bearing beds of the Siwalik system have 
Slvallk Flora yielded a rich flora of modern aspect, including 
leaf impressions of angios|>erms, petrified wood of 
dicotyledons and palms, fruits and seeds. 

From a revision of tho In<ilan foasil Conifers. Sahni * has come 
to tho conclusion that in the Tertiary flora of northern India and 
Burma there was no trace whatever of this group of plants. 
Although covering vast areas in the Himalayas today, no trace of 
them is found even in the younger strata of tho Siwalik system, 
which were deposited in the Pliocene period. They first appear in 
the overlying Pleistocene beds whore tho characteristic winged 
pollen grains of the Abiotincae have been found. It is clear, there- 
fore. that the advent of the Coniferous flora of the Himalayas dates 
from the end of the Pliocene or even later, when suitable climatic 
conditions were provided by the elevation of the Himalayas. 

The most interesting of these floras are the Karewa beds of 
Pielstocen Kashmir which contain a varied assemblage of 

Floras forest trees and shrubs as well as of aquatlo plants, 

frequently associated with fish-bones and fresh- 
water* shells. In a collection of these from near Baramula the 


' Kaul. K. N.. Proc. Jnd. Sc. Con^r., 22, 2^5, 1036. 

* Sahni, B., PaltsonMogia Indica, 11, 1^0, 192S. 
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late Dr. S. K. Mukherji recognized the leaves of a large number of 
modem species, while Wodehouse and S. C. Varma have 
identified the pollen grains of several Conifers and Dicotyledons. 
They include the pine, deodar, spruce, silver fir, the oak, willow, 
poplar, box, Bhododtndrony Trapa, Valli9neria, Ohara ^ etc. Many of 
the water plants are even now found in the lakes and streams of 
Kashmir. As many of the Karewa beds have been found at alti- 
tudes where these plants could not possibly live today, the con- 
clusion is drawn, that the Fir Panjal range has been upheaved 
through several thousand feet since the time these plants lived in 
the Pleistocene Lake of Kashmir. This is in support of the opinion 
expressed by Godwin Austen long ago. 

VI. Applied Botany. 

(a) Form Botantj. 

Besearch work on fore.st plants has been confined mainly to 
the Botany section of the Forest Research Institute, Dehra Dun, 
since Its constitution in 1906. The work of this section has been 
mainly systematic, mycological and ecological. On the systematic 
side several forest floras have been published which have been 
referred to under Angiosperms. A critical study of several genera 
of forest plants has also bean undertaken and the results published 
from time to time b)' Messrs. Haines, Hole, Parker, Parkinson 
and their collaborators chiefly in the Indian Forest Records 
and Indian Forest Memoirs. Much useful work has been done in 
connection with the correct identification of timbers and other 
economic products. The study of the anatomical structure of 
Indian timbers has been placwl on a sound basis hy the building 
up of a collection of Indian timbers linked with corresponding 
botanical specimens which form the basis of their identity. The 
publication of the Manual of Commercial Timbers of India (2 vols.) 
by Pearson and Brown constitutes an important contribution to 
our knowledge of their anatomy. 

The ecological work of the section includes the study of the 
forest grasses from the ecological side as indicators for soils 
and forest types, and from the economic side including an investi- 
gation of the effect of annual firing and cutting on the composition 
and stocking of grass lands as sources of fodder and paper pulp 
raatoiials. Elaborate experiments were conducted to study the 
‘ dying back ’ of Sal seedlings and it was found to be due to tempo- 
rarv waterlogging of the soil during the rains. The ‘ Sylviculture of 
Indian trees ’ by R. S. Troup in 3 volumes (1921) incorporates a 
verv large amount of information on the autecology of forest species. 

‘ The fungal and other diseases of Forest plants have also been 
studied in this section. Hole investigated the spike disease ot 
Sandal and the diseases of Pinus exceUa. Ho also discoverea 



agharkar: botany. 


7n5 


ArmiUaria mdUa growing on the «pri^<- fir together 
annoius Since his appointment as Forest myentogist in 1.127, 
K Bageheo itas been stiKlying tho iiotcroeeious rusts of Conifers 
in particnlar and all Himalayan rusts in goneml. As the rosnlt of 
his work, tho systematic position of a largo nnmlier of tinel.issifiod 
acidia has boon settled by establishing their relaUonship with 
several Puccinias. Uromyeos. and Melampsoras. The eytoogy 
of several genera has been investigates!, whieh is expected to 
throw light on tho generic grouping of several Melampsorell.is 

Other work includes a study of tho diseases of Sal mori-a 
robusta), Shisham {Dalbergia sissoo) and other forest species and 
A afcudv of the mywrhiwt of tropical trees. ^ 

An inter eating co*oper»tiTe inYcstigAtion, in which Hcienimc 
officers from Debra Dun and Bangalore, and field offleors from the 
districts have been taking part i« the investigation of the «piko 
disease of the Sandal. Tho work done up to now has shown that the 
disease is caused by a vims which is transmitted by insect agency. 
The particular insect concerned In tho transmission has not heon 
isolated, hut eight species, three Pentatomide». two Jassid® 
and three Fulgoridfc arc suspected in this connection. 


(6) Affncuffnral Bo/fint/, 

The application of Botany to Agriculture has been discussed 
under three heads (i) Plant breeding, (ii) Plant diseases due to fungi , 
and (iii) Plant physiology and Blochomistry in the Chapter on 
the progress of Agricultural Science by Dr. W. Bums and need 
not. therefore, be repeated. 


(c) JMicinai pfatifs. 

The raost important work in thie branch of Botany has been tho 
publication of Kirtikarand Baau's work on Indian Medicinal plants 
in 1918. Although largely a compilation, it has done great service 
by bringing together in one place all the available information 
<»n the subject. The illustrations, also taken from existing sources, 
provide a good help for the identification of drug plants. The 
text has recently been revised by E. Blatter, thus bringing it up to 
date. Nearly 1.400 species have been described and illustrated 
in this work. 

Since 1921, R, N. Chopra of the Calcutta School of tropica! 
medicine has been engaged in a systematic study of the properties 
of the most important roedicinal plants of India. He and his colla- 
borators have investigated the properties of nearly 100 drugs in 
^tail. He has since incorporated the results of his investigations 
m a book on the * Indigenous drugs of India * which was published 
in 1933. Since 19S5 he has been engaged in extending his work to 
-a study of the detailed geographical distribution ofthednig plants. 
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and of the poisonous plants and food poisons and has collected an 
authentic herbarium at the Tropical School of Medicine, Calcutta. 

Some work on the same lines was done by Cains and Mhaskar 
at the Haffkine institute, Bombay ; this is now being continued by 
Dixit. 

VII. Plaxt-obography and Ecology. 


Indian botanists haye been fairly actiye in these branches of 
Botany. Agharkar ^ studied the means of dispersal and the present* 
day distribution of the Xerophytes and Subxerophytes of N.W. 
India and traced their origin. Blatter and Hall berg ^ haye described 
the yegetatiou of the Indian desert on the basis of Warming's 
formations, and Saxton and Sedgwick* have done the same for 
Gujerat. Kenoyer^ has made a study of successions in the sub- 
tropical forests of the central Himalayas, and Dudgeon * has made 
a similar study of the Gangetlc plains yegetation. Haines* has 
discussed the Botanical formations occurring within Bibar and 
Orissa. Dudgeon and Kenoyer^ have studied the ecology of 
Tehri-Garhwal. Dudley-Stamp and Lord* have described the 
associations of the riverine tracts of Burma. The ecology of the 
flora of Sind was studied by Sabnis.* Dastur and Saxton ** hare 
described the ecology of plant communities in the Savannah forma- 
tions of Gujerat. BurkilM^ has described the Phj’togeography 
of Aborland in his Botany of the Abor Expedition. The forests 
of Kaliinpong have been studied by Cowan.** Kashyap ** studied 
the vegetation of the Western Himalayas and Western Tibet in 
relation to their climate. Kashyap ** also discussed some 
aspects of the alpine vegetation of the Himalayas and Tibet on 
the basis of his own observations extending over several years. 

Mucli of the work referred to above is observational and 
descriptive only. Recently several authors have studied the 
ecology of individual species experimentally. Hole’s work on the 
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•ecology of foroftt ai«l tho Snl* (Shorra rohusia) ix wi'll 

knoTO in this connection. Oorrio* luw< siinllM tin* ecology of flic» 
Satlai Deo<lar. Burns* and his collM>orators have' studicrl the 
ecology of the Deo can grassland. Tho late l>r. K. Mnkliorji 
studied the antocologv of Mf.rcftnaUijt prrennl^. (Iiampion^ hiis 
recently surveyed the forest typos occurring in India and Burma 
and published a preliminary aoconnt of thcao. 

Vnr. CoxCLOSiON. 

The preceding account will give* some idea of the progress that 
has been made in the study of ^tany during the last twenty* five 
years in India. Whereas at the commencement of this periofl 
workers were few and Investigation wa.s confined more or less to tli<* 
naming of species or recording of abnormalities, at the present day 
we notice that a large nurol>cr of workers arc carrying on invcstiga- 
tion in the different branches of Botany. \>oth Pure and Applied. 
Facilities for research work arc now available in the Universit ics and 
a large number of Colleges attached to them. Work in Systematic 
Botany is still hampered by the wantof aecntral herbarium ooiitaiu- 
ing types of Indian species, but it is hoped that this defect will 
soon be remedied and a National Herbarium worthy of the Country 
established with the Sibpur Herbarium as the basis. Experimental 
ecological work is not being carried out so far. hut there arc 
indications that this line of work will soon be taken up in some 
centres. The study of plant genetics m such has not as yot heen 
undertaken, nor is Pharmacognosy being studied anywhere, It. is 
hoped that arrangements will be made for the study of these in tho 
near future. Altogether, the future for botanical studies in TneUja 
may be said to be very bright. 
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